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H.F. “Baby” Vulcanizer 


This is specially designed for the private motorist. Its use 
greatly prolongs the life of tyres and abolishes the most fruitful 
cause of vexatious and dangerous breakdowns — cut covers and 
patched tubes. You are particularly referred to the article 
on Vulcanizing in this Book. 

C©V€FS The H.F. ** Baby 
repairs cuts in covers 
by vulcanizing new material 
in the damaged places, thus 
arresting the mischief in the 
initial stage, and so preserving 
the tyre. These repairs are 
done without removing the 
cover from the rim. 

Inner Tabes 

the makeshift method of stick- 
ing on patches which are at 
the best uncertain— but by 
re-making the injured portion 
of the tube. 


Easy to use No P revl0 * s 

J experience is 

required in order to effect 
permanent repairs with an 
H.F. “Baby.’* 

Free Trial Send us your 
card, and we 
will send you, free of charge, 
an H.F. “ Baby ” Vulcanizer, 
together with a supply of H . F. 
“ Plastene.” Test the 46 Baby” 
thoroughly for fourteen days, 
and if it does not satisfy you, 
return it. Booklet No. 57 tells 
you all about the H.F. 4 Baby , ’ 
It is yours for the asking. 


The price of the H.F- “ Baby” Vulcaniser, 
complete equipment, no extras, and includ- 
ing a liberal supply of H. F. “ Plastene,” is 


£3.0.0 

HARVEY FROST &Co., Ltd. 


Head Offices and Wholesale Demonstrating Showrooms 
39-41, Great Eastern Street, London, E.C. 

M/est End Branch and Demonstrating Showrooms : 
27, Charing Cross Road, London, W.C. 
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: A complete guide to the motorcar, describes the /working',' 
.• of. ;r the internal-combustion engine'' and ••• deals authorita- 
tively with every aspect of motoring. Re-arranged and Revised, 
1/6 net; post free 1/9, 

THE LIGHT CAR MANUAL. 

A guide to economical motoring. Special attention paid to 
attainment of low running costs, Control systems of Light 
Cars illustrated. 1/* net in paper ; 1/6 net in cloth *, postage 3d. 

THE CYCLECAR MANUAL. 

All about the simple types of Cyclecars. Full description of 
the working of an engine. Instruction in driving. Illustrated 
with ...clearly-dtawn. diagrams, 1/- net in paper cover pi/© net; 
bound .in cloth ; postage 3d. 

MOTOR CYCLING MANUAL, 

• The best and most up-to-date guide to the motorcycle. 
.-'".Written by practical experts in noh-technieal language. 
Profusely illustrated with diagrams. Handsomely bound 
in cloth cover, Fully illustrated. 1/6 net; post free 1/9. 

THE MO, TOR BOAT MANUAL* 

All about marine' motors for pleasure ■ purposes. . A concise / 

, guide to .the: management of motor craft propelled by : 
petrol dr oil. Construction of small craft fully explained. 
Fully illustrated. 1/6 net ; post free 1/9. ; :/■"■'■/.■ 

THE MARINE OIL ENGINE HANDBOOK* 

■ , ' Instxu.c ti on in th e working of ' oil engines in small ' commer- ' 
cial. craft. A manual for the use of fishermen, barge and 
sailing craft owners. Written in the simplest language. 
Fully illustrated. 1/- net ; post free 1/3. 

THE 1 SINGLE-HANDED GARDENER. 

With eight garden pictures in colour. ' Full instructions on 
how to look after a garden. The best and most up-to-date 
/ shilling gardening book ■ ever produced. / ■ “ The • • descrip- 
tions are clear and easy to follow.*'--*" Yorkshire Post/” 
Over 100 diagrams clearing up doubtful points. 1/- net 
in paper covers; 1/8 net bound in cloth; postage 3d. 

PROFILE ROAD BOOK. 

Shows a profile pla® of all main roads and many by-roads; 
heights, distances and turnings marked. The best road 
book for Great Britain published at the price. 1/- net; 
post free 1/14. : ; ; ; ^ ^ 

MAP OF FIFTY MILES ROUND LONDON. 

Four miles to the inch, roads coloured brown. Shows the 
country from Portsmouth to Harwich and Oxford to 
Dover, On paper, 1/- net; on linen, 1/8 net; postage id. 

MAP OF ENGLAND AND WALES. 

Clear and distinct, main roads coloured brown; shows 
a8,ooo miles of roads. Invaluable to tourists and travellers. 
On paper, 1/** net; on linen, 1/6 net; postage sd. 

; : ii|flsPL^ ; PRESS LTD.r7-lS v RosebcryAvenu8, London" E.C. 

. Wholesale Agent : E* J. LARBY > I, Paternoster Ave** London, E.C. 


□□□□□ o 


lapDDanDnnnnDaaanDnnnnnDnnnoGDannnnnndnnDnomDaixoroconnannDDpnnai 


n=acH7 


3^mple Press BL 

^"''-Publication's 


ODQ 


STRIP ROUTE MAPS. 

Showing the whole of the road, in handy form, between 
r h nVi” < ^Jolloxving towns :-~London to Birmingham, 
Liverpool and Manchester. London to Bath and Bristol. 
:.™„ n £? Exeter and Teign mouth. London to South- 
ampton, New Forest, Bournemouth. London to Brighton 

Post free™ each . Portsmouth in one - Pri « V- net each. 


HOW TO BUILD A CYCLECAR 


<■««“»“* f “ u particulars of method of building a simple 
cyclecar, copiously illustrated by scale drawings. Written 
by an amateur constructor, who has successfully built several 
cyclecars without assistance. 1/- net; post free 1 / 2 . 


OBTAINING INCREASED POWER 

nLfho^ db °? k \! C ' .^ycJecansts. Instructions on the bee 
methods of obtaining the highest efficiency from the engiru 
and transmission, fid. net ; post free j?sd, 

“MOTOR CYCLING” POCKET BOOK 


Bound in leather, waistcoat pocket size, containing soace 
for recording mileage, fuel consumption, tyre wear e*c 
p"sage S i r d. Ce f0r P “ S0 “ al nofes - V- net; Refills 'fid. net'. 


MODEL OF A V -TWIN-CYLINDER ENGINE 


LIGHT CARS AND CYCLECARS OF 1914 

I hotographs and specifications of the nrincin'il * 

and cyclecars now on the market, fid. net; post free «fd! 


THE MOTORIST’S WORKSHOP. 




SOME CYCLISTS— NOT FORGETTING THE 
AUNTS. 
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“THE MOTOR” SPEED CALCULATOR 

free V A rtS 5 mt0 kilometres, etc. Price 8d. each ; post 

“THE MOTOR SHIP” SPEED CALCULATOR. 

Price 8d? e«hf P ost t f'ree 7 d! Cal mU * s and liilon >etres, etc. 

SECRETS OF TUNE. 


ten'\y°the|foremost SjSt. on tiTLT 7^ 
invaluable hints and tips. 68. net? po“t free 7 Jd. 21,5 
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HOW AND WHERE TO TOUR BY 
MOTORCYCLE AND CYCLECAR. 

A unique publication ; a guide to guide books. How to prepare 
for a tour. How to plan suitable routes. Illustrated with 25 
carefully-drawn maps. “8/- net ; post free i'/2§. 

CYCLE TOURING AT HOME AND ABROAD. 

The best guide extant for the touring cyclist. Many in- 
teresting illustrations and a number of carefully-planned 
tours. Price 6d. net ; post free Sd. 

“CYCLING” ROAD BOOK AND GUIDE TO 
THE ENVIRONS OF LONDON. 

A comprehensive route book giving profile plans of every 
road within so miles of London, with full information as to 
objects of interest, etc. Distances and turnings clearly 
marked. Useful map, 2’ miles to , the inch. Bound in 
cloth. Two Volumes: North of the Thames and South of 
the Thames. 1/- net each; post free each. 

EASY EXITS FROM LONDON AVOIDING 
TRAFFIC. 

Illustrated with 21 maps. A guide for cyclists and motor- 
cyclists who wish to reach the country districts round 
London without having to pass through streets crowded 
with heavy traffic. Alternative routes to convenient starting 
places for runs clearly described and illustrated. 6d. net; 
post free 7-^d. 

HOW TO DRIVE A MOTOR CAR, 

The key to the subtleties of motoring, Illustrated. 1/6 net; 
post free 1/9. , 

“ THE motor;’ 

Britain's pre-eminent motor journal. First out with all the 
news, fully illustrated. Published on Tuesdays, Id. 

“THE LIGHT CAR AND CYCLECAR.” 

The Authoritative journal. The only journal covering the 
whole of the movement. Published on Mondays, Id. 

“MOTOR CYCLING.” 

The live paper devoted to the sport and pastime. First 
out. Published on Tuesdays, Id. 

“THE COMMERCIAL MOTOR.*’ 

The authority on all questions connected with motors for 
business purposes. Published on Thursdays, Id. 

“THE MOTOR SHIP AND MOTOR BOAT.” 

The authority on motor-driven craft for business or 
pleasure. Published on Thursdays, Id. 

“CYCLING.” 


The only public cycling journal. Appeals to all cyciists. 
Published on Thursdays, id. 
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“THE MOTOR ” COLOURED CONTOUR MAPS 
OF ENGLAND AND WALES. 

Scale three miles to the inch. The maps are most 
compact and comprehensive. 

Contours marked by means of colours. 

Roads marked in the very clearest manner. While 
none of the minor roads are omitted, the principal 
arteries are outlined unmistakably. 

“ The Motor” Coloured Contour Maps are the most 
convenient and portable. The whole of England and 
Wales is covered by 23 maps. Published in 1914 
and revised up to dale. 
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□ Mounted on cloth and dissected 2/- net each per sheet. 

LJ Mounted on cloth ... ... 1/6 ; P snec£> 

□ On paper ... ... ... l/„ ° ” 

H Postage Id. each, except for sheets 17, 18, & 1 9, postage on which Ts l^aa . 

□ EMPLE PRESS LTD,, 7-15, Rosebery Avenue, London, E.C. 
Wholesale Agent: E. J. LARBY, I, Paternoster Ave., London. E.C. 





Unrivalled Driving Light N 

The pasans of praise accorded 
to this Simple, Safe and Certain 
System is, probably, the most con- 
vincing proof of its capacity for 
giving long and efficient service 
under all possible working conditions 

For Town or Country 
The First in Favour 




We shall be pleased to send 
you our Blue Book, post 
free, on receipt of card 


C. A. VANDERVELL & CO 

Electrical .Engineers 

^ Acton, LONDON, W 

» \ North of England Depot ; 

I 12,Victoria B uUdingsr 

J J St. Mary's Gate, Manchcstei 



THE MOTOR MANUAL. 


17th Edition. 



Stewart Speedometers, in principle, construction, and 
operation, give the most practical, dependable, and 
accurate speed and mileage indication. Stewart 
Speedometers give speed indication from Zero up — 
they begin to measure mileage from the very first turn 
of the road wheel. You can tell the speed at a glance, 
whether you have the Rotary Dial or the Needle 
Indicator. The figures on both are large and clear. 



-Rotary 


You need a Speedometer on your car. you should 
have the best- a “Stewart.” There’s no reason 
why you shouldn’t have the best — the “Stewart” 
costs less than any. Do you care to have a 
“Stewart'’ on your car for a twenty-eight days’ 
test. You can do so, for we offer to refund the 
price to any customer who expresses dissatisfaction 
with his “ Stewart,” and returns the instrument to 
us within thirty days of purchase. 

Prices from £3 upwards. 

CATALOGUE SENT UPON REQUEST. 

The Cooper-Stewart Engineering Co., ltd. 

U, BROAD STREET, BLOOMSBURY, LONDON, W.C. 



“ PRACTICAL USE ’’-the 
only dependable test 
lubricant. 

Our Oils and Greases ha vb ss^o^d this test for many 
years, and are to-day still 
adhered to by our many 
clients — this emphasizes 
their undoubted excellency 
and economical results. 

PROOF POSITIVE : 
Messrs. Renault Ltd., 
and other important 
makers, recommend our 
Motor Oils and Greases* 



MOTOR REQUISITES 

We stock Motor Engineering Requisites of every 
description, including Jointings, Packings, Lubri- 
cators, Grease Cups, Circulating Pumps, etc., and 
should be pleased to quote to your requirements. 

May we send YOU our booklet of 
Lubricants and Motor Accessories ? 

W. H. WILLCOX & Co., Ltd., 

32-8, SOUTHWARK STREET, LONDON, S.E. 



PREFACE 

T HE continued progress in the design and equipment of the 
motorcar, and the introduction of many useful novelties, has 
called for extensive revision of this edition. The proportion 
of new text is unusually large, and every effort has been made to 
maintain, anil where possible improve on the high standard of the 
illustrations. In quantity also' of illustrations this edition, the 17th, 
is in advance of any previous one. The section dealing with engine 
theory and principles has been carefully revised and extended, and 
several new types of engines are dealt with in an interesting manner. 
The large part of the book devoted to a detailed consideration of the 
transmission, general mechanism, and constructional work of a car has 
been brought up-to-date. The working of a gearbox has veceived new 
treatment, and many new explanatory diagrams included or gearing and 
transmission details. The ignition section is greatly improved and all 
up-to-date developments in connection with the magneto are dealt with 
and additional diagrams on magneto principles are included. 

One of the most important features of this edition is the extensive 
treatment given to automatic engine starters and electric lighting. 
Concise information is given of all recent developments. Here, again, 
the explanatory diagrams should prove a great help to the beginner 
as well as the user.. Several additions and revisions have been made 
in the section treating of tyres, and in the descriptions of general 
accessories and tools many practical hints will be, found. 

The revised section devoted to the choice and management of a car, 
as before, is a large one, and from this it is hoped that the prospective 
buyer of a car will find it of much practical value. 

Many new hints are to be found in the repairs and adjustments 
section, and important revisions and additions have been made in ."the. 
pages dealing with electrical and mechanical terms, formula}, etc., and 
some new treatment and diagrams of power testing appliances will 
assist in solving the difficulties that often arise as to what power 
precisely means. 

The fuel question has developed to one of such prime importance that 
considerable extra, space has been given to it in the chapter, on carbura- 
tion. Benzole, the only proved practical alternative to petrol, has 
several pages devoted to it and many practical hints on its efficient 
use are included. 

The touring and legal chapters have been carefully revised and several 
recent developments taken due note of. 
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TO WORK FROM PARAFFIN, PETROL 
OR KEROSENE. HUNDREDS IN 
USE ALL OVER THE WORLD, 
GIVING ENTIRE SATISFACTION. 


Users oi our Plants, write : 
H. E.S., San_ Bernardino, Paraguay.— 
.The Lleemc Light Plancyou sentme 
over two years ago works beautifully . 
I cannot speak.too highly of it. ” 

J.H B., l)ane Ghyll, Furness Abbey, 
Lugland.— ‘I air. very pleased with . 
your. Mercnre Lighting Set; it does 
every thing you claim. for' it." 


Si V^WARD & 


goldstone, 

Sampson Works, ' ' \ 
mBsJ / Salford, Manchester,. \ C 
g , T'plpPhone— 7083 , 4, 5, 6 Central. \ 

§ ~~ ^^grams— Multum, Manchester. \ 

INSTALLATIONS 


Complete Plant in- 
cluding Engine, 

Dynamo, and Access- 
ories on bed. 


THE SHERBOURNE VALVELESS 
ELECTRIC LIGHTING PLANT. 



1915 
. Gar- - 
Lighting 
Outfit. 


outfit, oonsisting of pair beautifully designed Torpedo Side Lamm 
^h %ilb Holders, Tail Lamp, Metal Filament Bulbs," Armoured Conducting 
Cord, Switchboard; and Sampson Car Lighting Accumulator, which will light 
the outfit for about 20 hours at a charge. As illustration . . £2 15" o 
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to true up valves, make tappets, piston 
rings, etc., to do a hundred and one 
running repairs, to fit accessories and 
make replacements— the most economi- 
cal, most convenient and most 
expeditious way is to install in the garage 
a Drummond 34 in. lathe. For this class 
of work no more handy lathe could be 
found ; it is designed for the work and is 
sold at a price that makes it a paying 
proposition « 


May we send you full particulars of this 
3i in. centre, self-acting, sliding, boring, 
screw - cutting, back - geared, gap -bed 
lathe. We shall' be pleased to, and to 
give information as to complete installa- 
tions of garage tools. Price of this 
lathe as shown- .... •: ... .£14 - 17 - 0 

DRUMMOND BROS , Ltd. 

The Ironworks, GUILDFORD, SURREY. 
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A little car w 
great reputation, 


At Brooklands, on 22nd April, 1914, a 9 h.p. 
Hillman, driven by Mr. H. Nelson Smith, made the 
1 olio wing records in Class A (for cars with engine 
capacity not exceeding 1639- c.c.) 

Ten laps. Average speed - - 69.47 m.p.h. 
Half-mile - - 71.86 ,, 

Kilometre - - . 71.45 „ 

Mile - . - 71.98 

Two miles - . . 71.52 „ 

Five miles - - 71.42 „ 

Ten miles - - - 70.95 „ 

(All made with flying starts— except the first). 

From recent testimonials : — All 

“ We have come down here three up 
and luggage, and the car is going roiwpi ftp 

beautifully doing about 37 miles „° u^ated 

to the gallon.’* 

‘‘ The 9 h.p. Hillman ..... lias now O \/ 

done 6,000 miles and given me every Wt . ite f Qr f/lus _ 

satisfaction wonderful on hills trated list of this 

and very good on top gear in traffic." & other models . 

The Hillman Motor Car Co., Ltd., Coventry. 

Telephone-275 Coventry. Telegrams— ''HiHclimb, Coventry.'*'. 

London Showrooms - - 107. GREAT PORTLAND STREET, W. 

Telephone 1 — 2826 Mayfair, Telegrams-— '* Hillclimb, Wesdo, London.-' 
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Piston Valve M M .. 
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Flooding of Carburetters .. 3b, 

Foot Warmer . . ... • • 183, 
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Garage 205 

Garaging a Car 144 

Gate-change System 76, 78 

Gearbox 

Combined Rear Axle and . . . . 82 

Construction 74 

Repairs 231 

Gear Changing ICO 

Differential 84 

Gearing, Mechanical Efficiency of .. 242 

Gears— (See under “ Transmission ”} 

Gear Wheels, Avoiding Damage to. . 157 

Glossary of Electrical Terms . . . . 40 
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Gradients 236 

Gradometer 236 

Gravity-fed Petrol Supply . . . . 37 
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Hand Throttle Lever .. .. .. 91 

Harsh Clutch.. .. 184 

Headlamps, High Power. . . . 133, 134 

Bosch . . . . 141 
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High-tension Winding 46 

Hill-climbing Formula .. .. .. 241 
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Power Required for . . . . 241 

Testing Car by 150 
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Hoods and Screen .. 105 

Folding .. 147 

Horns .. .. 129 


DO NOT 


HAVE YODR TYRES RET8EA3EB 6 


The strength of a 
tyre depends en- 
tirely upon the 
strength of its 
casing. 


By our process of 



Tyre Reconstruction 


the casing is first reconstructed, giving it a 
new life, after which a new tread is fitted. 
I he lesult is equal to a new tyre at half the price. 


Write for Descriptive Booklets. 


Waterfield Patent 


v w 

Detachable Endless Linings 


prevent bursts and punctures, and enable tvre 
atter tyre to be run to destruction. 

They can be fitted by anyone. 

BEWARE OF WORTHLESS IMITATIONS. 
I he original and patented lining possessing 
advantages that cannot be produced by others 
without infringement. 


1IPLEY STRONG & Co. 

FARNBOROUGH. HANTS 
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Unquestionably the 
best motoring journal. 
Informative, Instructive 
Entertaining 


TUESDAYS 


Britain's Pre-eminent Motor Journal. 
Profusely illustrated, its pages form the 
authentic record of the progress of 
motoring. Being published on Tuesday 
morning, it is first out with ali the 
news of the week. It gives the earliest 
and best descriptions of the latest 
inventions and its columns reflect the 
general trend of design at home and 
abroad. 


TEMPLE PRESS LTD. 
7-15, Rosebery Avenue, 
London E.C, 
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- JMi GRADIENT 
METER • • 

ITJH JLj JL JUi i\ ,:■#,■ . • , 

Sf for Motor Cars. 

SV? fV: I 

It'iilCfch £ s. d. 

* 1 ^ V ^ Brass finish - - 2 12 6 

Fitted with interior 4-volt 

electric lamp, extra ' 3 0 

Special Features 

Patent damping device for securing steady 
readings while the car is in motion. 

Large, clear, figures on the moving scale giving 
the exact gradient, accurately, at a glance. 

Exceptionally neat appearance, & perfect finish. 


BENNETT & TAPLEY, Ltd,, totton, 1 * Southampton! 


WWW® 

-pppr 

Motor Gears , in - special steels (Ubas, Nykrom, Chrome 
Vanadium) scientifically heat-treated, -Timing gears in' fibre 
hide, paper, cast iron . Silent chain wheels. Gears of obsolete 
type replaced quickly & economically. Conversions & alterations. 






AWARDED TO 

S.F. EDGE, IP 
THEteSKOOrtETal 
* MARC »’ 1306 ^ 


GOLD MEDAL AND HIGHEST AWARD* AMONG SPEEDOMETERS BY THE 
ROYAL AUTO CLUB-GOLD MEDAL ALSO TURIN EXHIBITION :: :: :: 

Winner of the Highest 

AWARD and 

GOLD MEDAL 

of the Hoy a! Automobile 
Club in the Only Official 
Competitive Test of 
Speedometers ever held 
in this country. , ^ 

The LONG HORN 


J ONES SPEEDOMETERS are constructed 
on the centrifugal gyroscopic principle, 
entirely unaffected by temperature 
changes or the proximity of magnetic or 
electrical devices. Its principle is that of 
a natural law, as unalterable as the law of 
gravity, and positively constant. 

Every single instrument is individu- 
ally calibrated by expert instrument 
V. makers, and their accuracy is en- 

pUSm dorsed by the highest authorities 
the world over. 

, The MOST DEPENDABLE- 

3 * ' I The MOST ACCORATE- 

u A SPEEDOMETER IN THE 

WORLD. 


WHAT FOLKS SAY: 

MR. H. V. PRESCOTT , 
of Roselands y 

Park Road , 
Ttmperley , Cheshire , 

writes : 

u Perhaps the following will ho- 
of interest to you. 1 w as summoned 
at Middlewich ( Cheshire ) for 
driving to the danger of the public 
on yrd Sept. There 'were four 
witnesses against me. My only 
witness was the Jones Speed Indi- 
cator with maximum hand , but 
I won the case — its evidence being 
accepted. I reckon the Jones 
saved me £ 5.” 


WBBSm 


MARKT & CO. (London), LTD, 



* SPEEDOMETERS 
STEADY— RELIABLE— RIGHT 

Dead Accurate 

A nywhere 


-every- 

where — hot or cold 
climates — rough or smooth 
roads— high or low speeds, 
the“A.T.” Speedometer is 
always “dead accurate.” 
The needle remains steady 
in spite of road shocks ; 
the armoured drive assures 
perfect transmission. The 
large 4 in. dial is easily 
read. No attention — 
no oiling required. 

Write for the Book of the “ A .TV' 
THE 

‘ AX” Speedometer Co., Ltd., 
140, Long Acre, London, W.C. 

-Glasgow— Edgar E. Trevor, 5, West Regent Street. 
Manchester — Leo Swain <& Co., 237-239, Deansgate. 


patented 


GodbolJ 


The benefit of SIXTEEN 
YEARS’ EXPERIENCE is 
yours by consulting : : 

Mr. Alfred Wright 

Telephone— 7, Dnke 9 s Avenue? 

206, Chiswick. Chiswick, W, , 


Has no interest in any firm dealing in Cars 
or Accessories and GIVES ABSOLUTELY 
UNBIASED ADVICE. 

Clients advised free as to specific require- 
ments suitable for varying circumstances 
whereby the fullest efficiency and comfort is 
assured for the outlay. 


CONSULT ME BEFORE BUYING 


Technical advice on repairs, alterations 
or defects. 

Electric Lighting for Cars a Speciality 



Talk with the mao who 
rides on Timken Bearings. 



Ask him which part of the car gets the hardest 
usage and gives the best service. Hear what 
he the user has to say about the performance of 





The performance that increases their repud- 
iation for standing up against all trials of travel 
and for keeping the car up to full power and 
efficiency as it grows old in service* 

Write for Timken Booklet giving information 
on the use of Timken Bearings in cars. 


The ELECTRIC & ORDNANCE ACCESSORIES Co!, Li 

ASTON, BIRMINGHAM. 

Continental Dept. * * Vickers House, Broadway, London, S.W. 



MANSIONS TRAINING GARAGE 

(Proprietors; Mansions Motor Co„ Ltd.) 

OFFICIALLY APPOINTED 

— BY — 

Royal Automobile Club. 


Send for Illustrated Prospectus , or better call and see; 
you will then know what a motor school should be. 

78 , YOSK ST., BUCKINGHAM GATE, S.W. 


FOR LINING ANY 
TYPE OF 

CLUTCH ^ 


V F0R lining 

ANY type of 

C BRAKE. 

OVER 20 YEARS EXPERIENCE. 

Used by Motor Boses and Underground Electric Railways of London and Paris. 
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THE HERBERT FROOD COMPANY, LIMITED, 
Ohapet-en«le-Frith — and 39, Upper Rathbone Place, London, W. 
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Wire—' 'Friction. 


. Wire— “Frodohralce, Ox.” 




The WORLD’S BEST. 

Refuse to soot up. 

Ensure perfect sparking at any 
speed and easy starting. 

Are absolutely gastight at any 
pre eu e, as they are composed 
ot several insulators, thus 
allowing for expansion and 
contraction under the varying 
conditions of temperature and 
avoiding any breakage or 
leakage. 

Any type to suit any engine. 
Ranging from 2/6—6/- 


No. U Mica-Porcelain 
Insulation. 


Let ns send you particulars. 


H. M. HOBSON, LIMITED 


(Carburetter and Sparking Plug Manufacturers), 

29, Vauxhall Bridge Road, London, S.W. 

Telegrams : “ Assemblage.” Telephone : Victoria 4670. 
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* Unbreakable and 

easily detacimbfe. 




The first advice in the Motor Manual. 


You then have tyres that grip and 
never slip, that give buoyancy and 
added speed, lessen driving strains, 
absorb road shocks, reduce petrol 
consumption, and keep you free from 
annoying tyre troubles on the road. 

Whatever your mileage or tonnage 
you can always depend on 


THE PALMER TYRE, LIMITED, 

119, 121, 123, Shaftesbury Avenue, LONDON, W,C. ■ 

'Phones— -1214 Gerrard (Four Lines), Telegrams—*' Tyricord, West cent, London.’ 

PARIS— 152, Avenue de Malakoff. AMSTERDAM— Stadhouderskade 91, 
* Branch Depots— 

GLASGOW-6, Royal Exchange Sq. I NOTTINGHAM— Greyfriar Gate. 
BIRMINGHAM— Belmont Row. LEEDS— 54, New Rriggate. 

COVENTRY-St, Mary’s Street, | MANCHESTER- 263, Deansgate. 
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The Motor Manual 


CHAPTER I 

The Petrol Motor : General Principles of Operation 

The petrol motor now universally used for road locomotion is the most 
convenient, economical and .practical means available of obtaining me- 
chanical power directly from liquid fuel. Although it is .generally termed 
“ petrol 53 motor, this is nowadays somewhat of a misnomer, as the 
same typo of motor or engine can be driven by other fuels than petrol 
(a spirit derived from petroleum), such as benzole, paraffin, alcohol, 
and also by coal gas. The longer expression of “internal-combustion 
engine” is a more comprehensive but less convenient one. It implies 
that the power is produced by direct combustion of the fuel within the 
engine itself. The steam engine produces its power in a much less 
direct manner, as the fuel has to be burnt within a boiler to generate 
steam, which has to be conveyed into the engine. The method, there- 
fore, does not compare favourably with that of internal combustion, 
either for convenience or economy. It is, however, interesting to note 
that the -earliest attempts at road locomotion were made with steam 
engines. Thus Cugnot’s steam carriage, now in the Paris Science 
Museum (Conservatoire des Arts et Metiers) made in 1769. In England, 
between 1826 and 1838, steam-propeller biises ran with varying success 
on some of the roads running south and west from London. 

- Early Types of Internal-combustion Engines 

The ordinary gas engine, introduced some 50 years ago, has most of 
the leading features of a petrol motor, and it is from this principle 
that the pioneer inventors of the petrol motor, such as Benz, Daimler, 
and Levassor worked out their designs. The earliest types of gas en- 
gine producing power by the explosion of a ‘‘charge’ 3 of air and coal 
gas within a cylinder had the fundamental parts of the present-day 
internal-combustion engine, viz., cylinder, piston, connecting rpd, "Crank, 
flywheel, valves, and some means of ignition such as® or 

spark. The successive explosions of the charges of gas 1 ''' and air were 
utilized to drive forward the piston, the motion being converted into 
rotary motion by the crank. The explosive charges were automatically 
drawn into the cylinder by utilizing one of the forward strokes as a 
pump. 

■ Single and Double Acting Engines 

The internal-combustion motor or engine is termed “single acting/ 5 
from the fact, that the pressure acts on one side of the piston only, 
whereas in an ordinary steam engine the pressure acts on both sides 
alternately. This necessitates the use of a piston rod -and glands, and 
renders the construction considerably more complicated than an in- 
ternal-combustion engine as applied to motorcars. In the petrol 
motor the same general principles apply : it is a highly-developed gas 
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engine. The main characteristics are expressed in everyday terms—- 
<c great, power in a small compass,” lightness, simplicity, high e-m- 
ciencv and economy, and thus it lias proved to be the practical ideal 
for driving a road vehicle. The petrol or other fuel may be regarded 
as liquefied gas. An enormous amount of latent energy is stored up 
in a small bulk of petrol— a valuable characteristic^ The petrol motor 
has the following fundamental parts.: a cylinder, piston moving freely 
in the cylinder, but fitting it closely and pressure tight by means 
of spring rings, a connecting rod, crankshaft, flywheel, valves to admit 



Admission of the charge of petrol vapour and air. Inlet stroke, (Note inlet 
valve on left-hand side of cylinder is open.) 

and release the explosive charge and burnt gases to and from the 
cylinder. The valves are worked by a simple mechanism consisting 
of toothed wheels and “ cams,” the latter best described as a rotating 
metal (steel) part with a peculiarly-shaded curved edge (described and 
illustrated on page 6). The cylinder is maintained “at a practicable 
working temperature, about 185 degrees F., by continually circulating 
water around it— the cylinders are, in fact, water- jacketed. It will 
be easy to follow that, with the continual exploding of the charges in 
the cylinder, heat would be accumulating, and unless means°were 
adopted for keeping down . this accumulation of heat, the cylinder 
would quickly become red hot, lubrication of the piston would be 
impossible, and the motor would soon stop work. Water is the best 


Water Cooling ■ 3 

medium for extracting this surplus heat from the cylinder walls. Water 
has a very high capacity for heat, so that there is little or no danger 
oi overheating, providing the water circulation is maintained con- 
tinuously around the cylinder. The water is cooled in the process by 
passing through a ■ ‘ radiator,” or series of thin copper tubes, compactly 
arranged, ottering a large surface to the air. For quite small engines, 
imaer 4 h.p., water cooling is not a necessity. By having flanges or 
radiators cast on the cylinder the air passing" oyer them will keep the 
temperature down to a workable degree. 



INLET VALVE 


EXHAUiVT PIPE 


INLET OR 

*' INDUCTION" PIPE; 


Charge of explosive mixture of fuel vapour and air fully compressed* 
Compression stroke ; both valves shut. Piston at ton of its P stroke. 
Crank on top dead centre, ~ 


? e ultimateI y water cooling, with its complication and 
extra weight, will be rendered unnecessary, but it is likely to be re- 
i 1 0r a considerable period till the perfect 'air-cooling system 
comes along. Despite some drawbacks, the modern systems of water 
cnculation are highly efficient. 


The Four-stroke “Cycle'' of Operations 

In the petrol motor, only one stroke of the piston out of every 

thSL'i.V P ° We - r Str0ke the crankshaft, the olher 

h e© strokes penorming a series of operations which are indispensable. 
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factors in the general working principle. Take the beginning of a 
complete “ cycle ” of operations to get a clear idea of the system. 
First, there is the admission stroke, in which the . piston descends 
creating a partial vacuum, and the “ inlet *’ valve opens simultaneously, 
being lifted off its seat by the cam, and a charge of explosive “ mixture,’’ 
automatically prepared in a gas-making device known as a “carburetter, 
is sucked into the cylinder. When the piston has reached the end of 
its down stroke, the “inlet” or admission of gas is completed and the 
valve closes. The second stroke now begins, the piston rises again and 


VALVE SPBBNG 


VALVE TAPPET 
••GUIDE. 


Explosion of charge by an electric spark. Impulse or power stroke 
both valves shut. The spark occurs between the points of a 
sparking plug, seen on the left-hand side of the cylinder. The 
initial pressure on the piston at the instant the spark occurs is 
250-300 lb. per sq. inch. As the piston descends the pressure 
falls off to 40-50 lb. at the end of the stroke, 

compresses the charge, and reduces the original volume of gas to one* 
fourth, or rather less. This stroke is termed the compression stroke, 
and is a vitally important factor in the efficient working of the motor. 
If there is any loss or leakage of the gas under the compressing effect 
of the rising piston there will be a loss of power. The effect of com- 
pressing the gas into a very small volume is to render it capable of 
exploding with much greater energy than it otherwise would. In the 
compression of the charge a very considerable amount of heat is given to 
it, representing so much of the energy which the flywheel stores up. 
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Compression and Explosion Strokes 

The average amount of compression used is 85 lb. per square inch ; some 
engines go as high as 95 lb., but there is a limit to the compression 
which can safely be used. If it exceeds the above figures to any extent 
it is quite possible for the charge to explode spontaneously* The degree 
of compression depends upon the size of the “clearance” volume or 
space above the piston when at the end of its stroke, The compression 
stroke being completed, the charge of gas is ready for firing, and this 
operation is performed by an electric spark occurring m the compression 
chamber just at the exact moment. The spark is produced by the 



* Expulsion of burnt charge. Exhausting stroke; exhaust valve on 
; , , yight;,.dpen.'. :;:; Gases ; "aiseh^gea ' through . the pipe shown into a ' . 

/ silencer, which reduces the pressure to ■nea.rly . -.that.’ of the atmo- 
sphere, and thus prevents the exhaust making a loud noise. 

current from a magneto passing between the two points or electrodes of 
a sparking plug. The moment of firing, or the “ ignition timing,” can 
be varied, that is to say, the electric ignition arrangement is so devised 
that the spark can be made to occur either before the compression stroke 
m finished or afterwards, thatds, when the piston is descending. In the 
former instance the ignition is said to be advanced, and in the latter 
retarded. . The reason that such variation in the time of firing is 
necessary is that the ignition of the charge and development of the full 
pressure of the explosion are not quite instantaneous, and to be able 
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to apply tJie full pressure of the explosion to the piston at the most 
favourable position of the crank, it is necessary to ignite the charge 
of gas and air a short period in advance of the piston movement; With, 
high-tension magneto ignition a very small amount of timing variation 
suffices. In some cases the timing period is fixed for the magneto. ^ To 
be able to start the engine without risk of a “ back stroke M of the 
starting handle injuring the operator, a certain amount of retardation of 
the ignition is desirable. The power stoke having been accomplished, 
there, of course, remains in the cylinder a considerable volume of burnt 
gas under pressure, which must be got rid of as quickly as possible, 
and it is, therefore,' exhausted. Just before the piston reaches ^ the end 
of its down (firing) stroke the exhaust valve opens, and remains open 
the whole time the piston is completing the up stroke. The burnt, 
gases are thus swept out through a “ silencer ” into the air, the 
ejection also being aided by the fact of the gases still 'being at 


J2? 


Showing ordinary poppet or “ mushroom ” 
valve mechanism complete and port 
leading from combustion chamber to 
silencer. The adjustable tappet enables 
the “ lift ” of the valve to be maintained 
at full amount. As the result of the con- 
tinual hammering when in action, the 
valve stem shortens and any undue clear- 
ance may be compensated for at the tap- 
pet. Close adjustment also ensures 
quiet working of the valve. The side 
thrust of the cam is usually taken by a 
hinged lever fitted between the cam and 
valve tappet. In some engines the cam 
actuates the tappet directly, the small 
spring under the tappet keeps it in close 
contact with valve stem and prevents 
undue noise and shock. Most engines 
now have the valves “all-enclosed” for 
quietness in working. The valve stems, 
springs and tappets are enclosed in a 
casing having a detachable cover. 




considerable pressure (30-401b. per square inch). It is usual to open the 
exhaust valve some little time— approximately equal to one-sixth of the 
stroke— before the firing stroke is complete, to facilitate the clearance 
of the gases. This is termed giving the exhaust valve a “ lead.” It 
might be thought that this would 'reduce the effectiveness of the power 
stroke, but a little consideration will show that, by the time the valve 
begins to open, the crank is at a position where it has very little 
leverage, and the exploded gases are doing no effective work, and, 
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■ Working of the Valves 

therefore might with advantage be released, and 
Thus the four operations, viz., inlet of charge, 
and exhausting are completed and “cycle” of 


: Timing gear system in ' 
which a “ silent ” chain 
. is used instead of 
pinions. The object is 
tu obtain smoother and 
quieter running. The 
crankshaft chain- wheel 
is on the lower right 
han d side an d this drives 
.. at half speed the valve : 
vanish aft chain - wb eel 
v on right of twice the ■ 
diameter. The same 
chain drives the mag- 
neto shaft which has to 
run at ' the same speed 
: as the crankshaft.;' Any 
undue slack in the chain 
Can be taken up by 
sliding the magneto- 
shaft outwards. This 
chain is self-adjusting 
for pitch, 


[Working of the Yalves 

The working of the valves, as will have been noted, is of vital im- 
portance in the “cycle” of operations. The principle and working of 
the valves will be followed by studying the diagrams. A valve con- 
sists of a nickel-steel stem or spindle carrying a “ head ” at 
this .having its edge bevelled off, and fitting closely on to a seating, 
tension of a strong steel spring keeps the valve head hard dow 
seating, so that the valve is then spoken of as being closed 
The opening of the valves at the correct time is performed by 
cams, rotating steel pieces with ’curved edges, operated by a simple 
piece of gearwheel mechanism from the main shaft of the motor. As it is 
necessary that the valve cams should only rotate at- one-half the speed 
of the motor shaft, the gearwheels are proportioned so as to obtain this 
result, the. wheel on the camshaft being made twice the diameter 
{having twice the number of teeth) as the wheel on the motor shaft. 
It is sometimes spoken of as the “ two-to-one gear,” or the distribution 
gear; ' 

Improvements in Yalves 

Formerly flic ordinary “poppet” valve, as just described, gave rise 
to .-considerable noise when operating. Nowadays, it is practically 
noiseless. This result has been obtained by making the valves of 
smaller lift,. but with greater area- of opening.* The tappets are usually 
provided with fibre “heads” to deaden the impact, and finally the 
valve is all -enclosed by a detachable cover plate. 


CHAPTER II 


Various Types of Engines 

The Two-stroke 

A type of motor different in principle from the four-stroke typo 
described is the two-stroke motor, in which the power impulse occurs cnce 
in every revolution instead of once in two revolutions, as in the former 
type. A special feature of this engine is that there are no “ valves ” 
(as understood in the general meaning of the term, and as just described) 
to admit and release the gas to and from the cylinder. The working 
piston is made to serve for opening and closing ports or passages in the 



Simple form of two-stroke 
motor (the crankcase is shown 
larger than actually obtains 
in practice). The path of the 
gases is depicted by the 
arrows. 

Cycle of Operations. 

1st half revolution: piston 
descends, charge exploded 
and partly exhausted, fresh 
charge slightly compressed 
in crankcase, fresh charge 
enters cylinder and dis- 
places burnt charge. 2nd 
half revolution : fresh charge 
fully compressed in cylinder, 
partial vacuum formed in 
crankcase by the rising 
piston and fresh charge 
sucked in through the inlet 
port leading to crankcase. 
The fresh charge of mix- 
ture is directed upwards by 
the deflector or baffle on the 
top of the piston and thus 
kept as far as possible from 
direct contact with previous 
burnt charge. 


Fresh charge entering 
crankcase whilst the 
charge in top of cylin- 
der is being compressed 
prior to explosion. 


Cylinder charge ex- 
hausting after explosion 
via exhaust port on left. 
Fresh charge, moder- 
ately compressed in 
crankcase, entering by 
port on right and de- 
flected upwards. 

cylinder, through which the gas enters, and is also released after explo- 
sion. The explosion is effected by means of an electric spark. A 
reference to the illustration will explain how the series of opera- 
tions occurs. The crankcase is gas-tight, but has an aperture at the 
top (actually, it is formed in the cylinder), opened and closed by the 
piston, which, when clear of the aperture, allows a charge of explosive 
mixture to rush in, owing to the partial vacuum created by the upward 
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movement of the piston. A passage connects from the crankcase to 
the cylinder inlet port. The key to the action of this type of 
motor is that the piston is made to perform two operations 
in one stroke; thus, when the explosion takes place oil one 
side, the other side partly compresses the charge in the crank- 
case. A further descent of the piston uncovers a port, and the 

partly-compressed gas rushes into the cylinder. On the next stroke the 
rising piston .fully compresses the charge (meanwhile a fresh charge 

enters the crankcase), and at the end of the stroke ignition occurs. 

The piston does not sweep out the burnt charge as in the four-stroke 


Special Two-stroke Motors 


The “valveless ’’two-stroke 
motor is a special two- cylinder 
type, with a single combustion 
chamber and crankshafts geared 
together (3). The upward move* 
ment of the pistons causes a 
vacuum in the crankcase, and 
air enters by ports (7) and (8) 
through air valve (11) in carbu- 
retter (6). This valve has a long 
stem (10), with needle-valve at 
end, seating into petrol jet (9), 
which, on lifting, admits petrol 
into surrounding chamber. 
When pistons descend, the air 
in crankcase is compressed till 
inlet port (4) is uncovered by 
pistons, when air takes up the 
petrol in jet chamber and enters 
cylinder. Simultaneously the 
exhaust is swept out, and a fresh 
charge compressed in combus- 
tion space (1), after which ignition 
and explosion occur, driving the 
two pistons downwards. The 
cylinders are water- jacketed (2). 
The exhaust ports are not shown. 
The power is taken from one of. 
the crankshafts. 


This .. motor has an independent 
compressing' cylinder (shown on : 
left side). The charge is drawn 
into the piimp and partial . com- 
pressing. cylinder through ' a. non- 
. return/; valve.:. This charge is 
forced into the Working cylin- 
der, through : : the branch pipe '• 
and valve. .^connecting: the two, 
as : the.; : piston : .is' completing-. its.' 
firing stroke. The charge is 
retained, compressed 
in Ehc usual manner. It will 
foe- noted that; the pum.p cylinder 
'■has': shorter: stroke than the 
working cylinder. 


cAftauRcrncn 
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.motor, but this - escapes by virtue of its own pressure, the fresh charge 
of mixture entering simultaneously and helping to displace it. The 
advantages of this type of motor are its striking simplicity, absence of 
valves, and the fact that it runs with less vibration than the four-stroke 
pattern, on account of the impulse occurring every revolution. On the 
other hand, it is not considered so economical of fuel as the four-stroke 
type | and there is a danger of premature ignition if the burnt charge is 
not cleared out quickly. A difficulty sometimes arises from the fact 
that the lubricating oil in. the crank chamber mixes with the charge, 
reducing its explosive power and -/causing ignition troubles from fouling 
the sparking plug points. There are several modifications of the two- 
stroke principle just described, in which its defects are minimized or 



Four-cylinder long-stroke engine details, 

(1) Crankshaft with three bearings, 

(2) Light steel piston. 

(3) Light connecting rod. 

(4) One-piece eamrshaft. 

overcome. In one special foami an auxiliary cylinder is used, which acts 
as a pump for the charge instead of the crankcase, and thus it is not con- 
taminated in any way, and has the further advantage that it sweeps out 
•the burnt charge. Another form, which has been applied for car -driving, 
has two cylinders, but with a single combustion chamber. Two-stroke 
■ engines have also been constructed on the double-acting principle, an 
explosion occurring on each side of the piston alternately. The charges 
are admitted into and compressed hi an independent cylinder. 

The Modern Car Engine 

The four- cylinder engine has long since displaced the singles and 
two-cylinder types. The former is never used now, and only for quite 
small and light cars does the two- cylinder find any application. The 
four-cylinder engine can now be made in quite small power sizes, even 
as small as 52 mm. in the bore and developing about 8 b.h.p. A brief 
study of the two-cylinder engine, however, is desirable as it assists in 
an understanding of the four-cylinder. The evlinders are usually 
arranged with their axes parallel to each other, or are placed side by 
side, although a few have been made with the cylinders fixed horizon- 
tally, end to end, and axes in line. The, cranks mav be set either together 
or at 180 degrees to each other. The sequence of operations in each 
cylinder depends on how the cranks are set. Supposing the two 
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connecting rods drive on a single crank, and thus the two pistons move 
up and down together, the cycle of operations would be: — 


Section of a modem long-stroke engine, with carburetter 

Cylinder A. Cylinder B. 

Inlet Explosion 

Compression Exhaust 

Explosion .... ... Inlet 

Exhaust Compression 

In this arrangement an impulse for each revolution of the crankshaft 
is obtained; but, as will be obvious, it is difficult to get a good balance 
of the moving parts with two pistons, connecting rods and cranks all 
moving together in the same direction. In the other arrangement, 
which is the one usually adopted, the cranks are set at 180 degrees. 
A good mechanical balance is obtained, but the two impulses follow in 
close succession, so that the driving effect or “torque” on the shaft is 
less steady than in the other system. The sequence of operations is 
then as follows: — 


■'Cylinder^* 

Inlet 

Compression 
Explosion 
Exhaust . . 


Cylinder A , 

Exhaust 

Inlet 

Compression 

Explosion 
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Diagram of a Standard Four-cylinder Engine 


Illustration in part section, of a standard type four-cylinder engine. A section 
of one piston is shown, and one cylinder, and piston at the right-hand end of the 
engine are not shown. In place of them appears the valves for one cylinder which 
explains the general arrangement of the whole series. The valve camshaft and 
tappets are not shown. 
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Sequence of Firing Periods 

The Four-cylinder Engine 

Tliis is now the universally- -adopted type of engine, and its construc- 
tion and working will readily be understood from a knowledge of the 
two-cylinder just dealt with, as it practically consists of a pair of two- 
cylinder engines of the 180-degree crankshaft type set in line. The 
four cranks are all in the same plane, the two * centre cranks having 
their crankpins in line and the two end crankpins being also in line. 
This arrangement, as a little consideration will show, results in the 
first' and fourth pistons moving up and down simultaneously, and the 
two central pistons moving together, but in an opposite direction to the 
other pair. This principle results in a relatively good balance of the 
moving parts. Using light pistons and connecting rods, a high speed 
of revolutions can be obtained with a minimum of vibration. 


Sequence of Firing Steadiness of Torque 

The four-cylinder engine has a power impulse for each half revolution 
of the crankshaft, or two impulses per revolution. The continuity, of 
turning effort or “ torque ” is practically steady, each cylinder taking 
up the firing successively ; there is no actual no-power interval, as is the 
case with the two-cylinder engine. .The series.of operations, i.e., induc- 
tion of explosive charge, compression, explosion, and exhaust, can be 
understood from a study of the two-cylinder 180 degrees type of engine. 
Thus, if the cylinders are numerated in simple order 1, 2, 3, 4, assume 
No. 1 cylinder is on its inlet stroke ; its piston is descending, and 
No. 2 piston is rising on the compression stroke. No. 3 piston will also 
be rising, but it will be on its exhausting stroke. No. 4 piston will be 
descending similarly to No. 1 piston, but it will be on its firing stroke. A 
down stroke must either be an inlet or a firing stroke, and an up stroke 
a compression or an exhaust stroke, so that, knowing what one cylinder 
is doing, it is a simple matter to know what the other one is doing. 

It is usual now to adopt a standard sequence of firing ; the cylinders 
do nob actually fire in the simple order : 1, 2, 3, 4 — 1, 2, 3, 4, but 1, 2, 4, 3 
— 1, 2, 4, 3. This, however is not the only possible sequence, as a con- 
sideration of the cycle of operations will show that as No. 3 cylinder is 
making a down stroke simultaneously with No. 2, it can either be a 
firing or inlet stroke, according to how the valve cams are arranged. 
Thus, the firing sequence can be 1, 3, 4, 2, but not. many engines have 
this se ience of timing. 

Chief Features of Engine Construction 

The four cylinders are in the majority of instances «cast “ en bloc/’ 
i.e., in one casting. This provides compactness and rigidity. Some en- 
gines have the cylinders cast in pairs. The valve ports and gas passages 
are formed internally in the casting in many cases, thus avoiding the 
use of outside piping, there being only one" connection each from the 
carburetter and silencer. The valves may either be all on one side of 
the engine, oi the inlets on one side and the exhausts on the other. 
Each system has its advantages ,* the former only require a single cam- 
shaft, . and the engine construction is thereby simplified, and the 
majority of engines are made this way. The whole of the valve stems 
and tappets are enclosed by a cover plate, thus ensuring quiet working 
and neatness. The sparking plug usually is screwed into the cap over 
the inlet valve, where it comes directly into contact with the fresh 
explosive mixture. Some few engines have the sparking plug in the 
centre of the cylinder h^ead, which is theoretically the best position. 
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Six-cylinder m Engine 

The crankshaft* is always made in one piece from a chrome-nickel- 
steel forging, and, except in a few cases, it runs in a central bearing, in 
addition to a bearing at each end. This ensures the absence of any 
“ springing ” of the shaft, which would cause vibration. Steel pistons 
are being largely adopted, as a considerable saving in weight is effected 
thereby as compared with cast-iron pistons. This tends to eliminate 
vibration usually resulting from heavy reciprocating parts. 

Accessibility of Farts 

The up ■ to-daty engine is much freer of piping and fittings than earlier 
types; and it is thus a much easier matter than formerly to reach 
such parts as the carburetter and magneto if adjustment is required 
The valves are easily removed by unscrewing the valve caps, sparking 
plugs are always accessible, and the inspection plates in the crankcase 
give access to the connecting-rod ends. Some -engines are designed so 
that the pistons can be taken out of the cylinders without removing 
the latter. 

Six-cylinder Engine 

As a standard type the six-cylinder engine comes next in importance 
* to the four-cylinder, A few years ago it was only adopted for large, 
high-powered cars, but nowadays it is made in medium-power sizes, 
i.e., 15 h.p. to 20 h.p., and is becoming increasingly popular. , It has a 
remarkably smooth and even torque or turning effort, and the balance 
of the working parts is so good that vibration even at the highest 
speeds is eliminated. It is a very “ flexible ” type of engine, and 
therefore the need for gear changing is reduced to a very small amount 
except in cases where the power available is small for the work it has to 
do. A wide range of power is available by throttle control alone, and 
for this reason the driving is proportionately easier than with a smaller 
number of cylinders. A former drawback of the six-cylinder engine 
was its undue length. This fault is non-existent nowadays, as the 
improved methods of casting the cylinders “en bloc** enables this 
engine to be made very compact, especially as the practice now is to 
limit the cylinder boro to small dimensions. In its construction the 
six-cylinder differs from the four chiefly as regards the shape of the 
crankshaft. The other components — pistons, connecting rods, valves, 
etc — are the same. The four-cylinder crankshaft, it will have been * 
made clear, has ail its 7 throws ** in one plane : that is, the whole 
crankshaft can be laid flat. The .six -cylinder crankshaft, however, has 
.its throws in three planes, each throw being at an angle of 120 degrees. 
This will be easily followed by reference to the diagram. To study the 
“cycle of operations’ * of this engine the simplest plan is to consider 
the firing order, which is 1, 4, 2, 6, 3, 5. The cylinder No. 1 will not 
quit© have reached the end of its firing stroke by one-sixth when 
cylinder No. 4 will have just started its firing stroke. * This means that 
there is no actual “ dead” or no-power period between the two strokes, 
but a slight overlapping. No. 2 cylinder will simultaneously be com- 
pressing its charge, and before the firing stroke of No. 4 cylinder is 
complete by one-sixth it will have started its firing stroke. No. 6 
cylinder will similarly be compressing its charge, and takes up the 
firing just before No. 2 cylinder finishes it. Likewise cylinders 3 and 
5 come into operation in proper sequence, the “cycle” then starting 
again from No. 1. The important feature is that power is being 
applied to the crankshaft the whole period of its revolution, and there 
is a slight overlapping of the power stroke of one cylinder by the next 
in its order of firing. 

The inlet and exhaust strokes follow in their proper sequence as in 
a four-cylinder, with the slight difference that there is the same 
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small amount of overlap- 'between' .successive cylinders as in the firing 
stroke. It will be noted from the order of firing that the power is 
applied to the crankshaft at various points. There is not. as it were, 
a 4 4 ripple : ’ of firing strokes from cylinder No. 1 right along V to 
cylinder No. 6. As compared with the actual number of power im- 
pulses per crankshaft revolution of the four-cylinder engine, the six- 
cylinder gives three impulses; hence the improved turning effort on 
the crankshaft. It is the usual practice to construct the six-cylinder 
crankshaft from a one-piece chrome-nickel steel forging. From the 
comparatively complex arrangement of the crank- throws it will .follow 
that the turning and grinding of the shaft is a. more difficult piece of 
machine work than a four-cylinder, and in fact it can only be properly 
clone-on specially-designed machinery. 



Diagram explaining how the cranks are arranged on a six-cylinder engine. 

It consists practically of two engines, each of three cylinders, coupled to- 
gether, the centre cranks and each consecutive * pair being in the same 
plane. The cranks (viewed from each end) are set at 120 degrees relative to 
each other, except the third and fourth. 

•The Eight-cylinder Engine 

1 This is a type distinct from the four and six-cylinder. Instead of the 
cylinders being arranged in one long row, which would obviously 
mean that a great deal of space would be taken up, it consists of two 
rows or blocks, each of four cylinders, arranged V fashion. Thus it 
is no longer than a four-cylinder of similar cylinder dimensions, 
although taking up more space from side to side. The space between 
the two rows, however, is utilized to mount the carburetter and other 
details. The crankshaft is practically the same as that of a four- 
cylinder engine, but provision is made so that the connecting rods of 
two .cylinders can drive on to on© crank. With the- increased number 
of cylinders the torque and flexibility of this type of engine, it is 
claimed, are superior to. the four and six, and the excellent balance 
obtained eliminates all vibration. The order of firing is somewhat com- 
plex. Looking at the engine from the forward end and numbering 
each set of cylinders from the rear end : Left 1, 2, 3, 4, Eight 1, 2, 3, 4 
the sequence is LI, B4, L3, E2, L4, El, L2, R3. 
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The Y-Type of Engine 

engine the pair of cylinders are set at an angle 
and 90 degrees, both cylinders being m the si 
it more economical of space .-than having the cy I 
i it is adopted to a small extent mainly tor U 

Expfoston Compress/on 


Suction 
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Those diagrams illustrate the cycle of operations in a V-type engine having a 
t'O degrees angle of cylinders. Considered in the order A, B, C, D, the respective 
phases of the cycle occurring for each cylinder during W revolutions of the cranio 
shaft can be followed. 


Thus two cylinders can be fixed in the space occupied by one, four in 
the place of two, and eight in place of four. In principle the operation 
is this: Both connecting rods drive oil to one crank, as shown. If on© 
cylinder is on the inlet stroke the other will be compressing. Before the 
inlet stroke of one is complete the other cylinder will fire, so that the 
opposing, cylinder has still part of its suction stroke to complete, and 
then compression takes place. Meanwhile the other cylinder is exhaust- 
ing. It will be followed from this that the strokes of the two cylinders 
slightly overlap. 

This type of engine finds some favour for very light and inexpensive 
cars, in preference to the vertical two-cylinder, each type of which has 
disadvantages, one having an uneven torque and the other a defective 
balance. The 90 degrees V engine has a good balance and a much W 


Diesel Engine 
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, , ¥ Engines of Small'- Angle 

The ordinary type of wide-angle engine takes up considerable room, 
that is, measured from side to side, necessitating a wide bonnet, 
owing to the “ spread ” of the cylinders. An ingeniously-designed 
type of V engine is that in which two sets of cylinders, four in all, 
are set at a very small angle to each other, one cylinder merging into 
the other near the base. The pistons are also cut away on adjacent 
sides to give the necessary clearance for working. One of each pair 
of connecting rods has a forked end. 

The Question of Long n. Short- stroke Engines 

The modern engine has a length of stroke which is considerably 
greater than the bore; it does in some cases amount to twice the bore 
dimensions, but the majority of engines have less than this ratio. One 
explanation for this development is the principle of rating engines by 
bore dimensions only. The requisite cylinder capacity, that is, the 
amount of explosive charge it can take in per stroke, to obtain a given 
horse-power, has been obtained by lengthening the stroke, so that 
even comparatively small-bore cylinders can develop a high power. 
On the other hand, there are certain mechanical drawbacks of extra 
long strokes. There is, for example, the excessive angularity of the 
connecting rod, imposing a greater thrust on the cylinder walls than 
is caused by a short stroke. There, are also questions concerning the 
freedom froili vibration and the stability of the engine which have to 
be taken into account 

The Diesel Engine 

In its leading features this engine is very similar to the ordinary 
four-stroke type of petrol engine. Instead, however, of an ex- 
plosive mixture being drawn into the cylinder and then compressed, 
to be followed by ignition by an electric spark, a charge of air is firstly, 
•drawn into the cylinder and compressed to a very high pressure, viz., 
500 lb. This greatly raises its temperature, so that when at the 
end of the compression stroke a small quantity of heavy 
crude petroleum -is injected into the cylinder head’ in the form 
of a spray, spontaneous ignition and expansion occurs, and the piston 
is driven forward. Instead of an explosion, a prolonged combustion 
takes place during the full stroke. On the following exhaust stroke 
the products of combustion are expelled in the usual way. The illus- 
tration depicts a small single-cylinder Diesel, engine, which 
has overhead inlet, exhaust, oil injection and starting valves. The 
operation of starting is performed by compressed air. It will be noted 
that the air compressor is worked by a small crank alongside the main 
crank. The chief advantages of this engine are its very High fuel 
efficiency, viz., 38 per cent., the consumption at normal load being well 
below half-pint per brii.p. hour, and the fact that no ignition system 
is required. This engine has not as yet been applied to light-car con- 
struction, but experiments are being made with it in connection with 
heavy traction. The weight and bulk of this type of engine are at 
present drawbacks, which, however, may be gradually overcome and 
render it more generally applicable. For marine work this engine has 
been largely adopted. It is also made in a two-stroke type, which is 
reversible m direction of rotation. 

ii b2 




I 

L 


2€< - The Motor Manual 

Piston -iraive Engines 

This type of engine . came into vogue at the period .several years ago 
when the sleeve valve made its appearance. The idea was to obtain 
with this type the same advantages as the sleeve valve gives, such as 
the smoothness of working and large valve opening- area. Several 
different types of piston-vaive engines were introduced, but they never 
came into* extensive use, and are now extinct. The universally-used 
poppet valve has been so vastly improved that it is really a difficult 
matter to find any alternative system, apart from the sleeve type of 
valve, which shows any marked advantage over if when all the factors 
vn the question are taken into consideration. Reference, however, may 
be made to one existing piston-valve engine (page 22). In place of the 
two poppet valves for each cylinder there is a piston, working in a re- 
duced extension of the cylinder directly over the piston heads this valve 
chamber factually the combustion chamber of the cylinders. The piston 



Sectioii of single-cylinder Diesel engine, see description on previous page. 


valves are actuated from a camshaft passing through a chamber along- 
side the combustion heads. The mechanism for each valve includes Y 
rocking lever, which has a ball-end socketed into a sliding block in the 
piston valve itself. A strong helical spring bears on to the top of this 
lever, so ae to keep the cam roller, which is mounted on the same lever, 
m close contact with the actuating cam. This cam is of special forma- 
tion, designed to give a rapid opening and -closing of the valve, with 
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comparatively long rests at full open and closed positions. The two. 
valve ports are, -of course, -uncovered in correct sequence by the one 
valve movement. All these valves are easily and quickly removable, 
an they are split like a broad piston ring- so as to ensure a gastight 
joint over the valve ports. In plan the piston valve is open ended, so 
that the combustion chamber is in direct connection with the cylinder, 
the force of the explosion passing through the valve. The inlet and 
exhaust ports are cast in the combustion chamber, but these are not 
visible in the drawing. 



Details of Daimler Sleeve «valire Engine 

The cycle of operations in this engine is the same as that of the 
ordinary poppet-valve type. It differs in construction by the substitu- 
tion of sliding valves for the usual poppet or tappet valves. The 
sliding valves consist of two concentric, sleeves of cast-iron accurately 
turned, working in between the driving piston and the cylinder walls. 
These sleeves have two series of large area ports or slots cut in the 
upper ends, which register together at the 1 required instant in 
the respective strokes of the piston. One pair of slots form the 
inlets and the other pair the exhausts. The sleeves of each cylinder, 
which have a relatively short stroke, about 1 in., are driven by 
two short connecting rods or side arms working off a lay crankshaft, 
the cranks having a very small throw, which takes the place of the 
usual camshaft in the tappet valve form of engine. This valve-operating 
shaft rotates at half the speed of the main crankshaft. The sleeves 
extend right up into the deep cone-shaped combustion head, which is a 
detachable unit. This head is of a special design, insomuch that it is 
provided with a set of piston rings, three narrow and one double, the 
latter being: of extra width and yermeckthe compression ring. These 
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rings prevent any escape of pressure in an upward direction, whilst the 
usual set of three rings on the working piston maintain pressure tight- 
ness in the lower direction. A sparking plug for magneto ignition 
is fitted in the centre of the combustion head. The lubrication 
of the sleeves is effectively maintained by spiral oil- ways on 
the surface, and numerous holes drilled 'through, which direct the 
oil thrown up by the crank, on the usual splash .principle, to the 
working surfaces-. The working details of this engine can be readily 
followed by reference to the diagram on page 21 showing a vertical 
section. The two sleeves encircling the working piston are at A 
and B. At the top on left is the inlet port (I), with inlet slots (H) 
almost in register. Opposite is the exhaust port, with slots 
G and F), in the “shut” position. The short connecting rods 
giving sliding movement to the sleeves, by means of ©ide lugs, 
are shown at D and G ; whilst W is the special crankshaft off 
which they work. The layshaft is driven by a chain instead of the 
usual two-to-one gearwheels. By the elimination of the usual tap- 
pet valves a very smooth and noiseless action is obtained, and the 
large ports in the sleeves give the utmost freedom to the inlet and 
exit of the gases, resulting in an increase of flexibility. The absence 
of any pockets and projecting parts in the combustion chamber 
avoids all pre-ignition risks, and gives a very high fuel efficiency. A high 
compression is obtainable without risk, although, in practice, 80 lb. is 
not exceeded. The combustion head, it will be seen, is amply water- 
jacketed, the water space being self-contained and not depending on a 
joint. It attaches to the cylinder by a well-surfaced joint, kept in 
close contact by a series of bolts passing through the head into the 
cylinder casting. The engine is, as a whole, considerably simpler, neater 
in exterior appearance, and lighter than the ordinary type, and all 
working parts are enclosed and thoroughly lubricated. An independent 
supply of oil is carried direct to the lower part of the cylinder walls. 

Principle of “Offset” Cylinder, or Besaxe Crank- 
shaft Setting 


By setting the crankshaft centre 
out of line with the cylinder 
centre, that is, behind the cylinder 
in direction of rotation, a direct 
thrust is obtained on the down 
stroke greatly lessening the side 
pressure on the cylinder walls. 
The angularity of the connecting 
rod is greater on the up stroke, 
but total thrust pressure lessened. 
This reduces the wear and tear 
on the cylinder bore. 


Diagram of engine with 
offset cylinder. 




Single . Sleeve Valve Operation 
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Overhead Inlet Yalve Typ© 
.of Engine, with Offset 
Cylinder 

Illustration of a Desaxe type of en- 
gine (the two vertical broken lines 
showing the amount by which the crank 
shaft and axis of cylinder are offset). 

It also shows the arrangement of an 
overhead system of inlet valve operated 
by rocker and tappet rod. The valve 
is of large diameter which is now 
the standard practice. 


Single Sleeire Typ© 

■ of Engine 

Diagram of a model illustrating 
.■the; Working; ■ of ' ' Argyll . single 
sleeve valve. The special shape 
: of : the:' ports in the cylinder, 
which .are 'being:: elosed by ''the 
'movement of .theinterior sleeve, 
will be, ■ noted. . v : - A 'diagram 
illustrating the ' various phases, 
of ' the valve : : : .movement, s 
shown on page 27, 
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Single Sleeve Type of Engine 

There are several methods of opening and closing inlet and exhaust 
ports in the cylinder .wall -'by means of a single sleeve only. One of 
these methods depends on a simple reciprocating movement of the 
sleeve between the working piston and cylinder walls. > An alternative 
method which has worked well in practice consists m giving the sleeve 
■an elliptical movement; that is, in moving up and clown it ako makes 
a partial turn backwards and forwards, and any given point on it 
describes an ellipse. There are six ports provided in the cylinder: 
three each for the inlet and exhaust, but the oscillating sleeve lias 
five ports only, one serving for the exhaust and inlet. The shape of 
these ports is peculiar, but .the design has been worked out to give the 
greatest freedom to the flow of the gases by providing as long a period 
of opening as possible with quick opening and closing. The combined 
motion of the sleeve is obtained by a simple mechanical device. The 
lower end of the sleeve is provided with a pivoted bolt which can move 
in a horizontal plane. This bolt engages in a hole in a disc, which is 
driven by a worm gear. This note is bored eccentrically, and in 
rotating produces the elliptical movement of the sleeve and the conse- 
quent opening and closing of the ports. 



Section of Argyll single-sleeve-valve engine. The mechanism for producing 
the peculiar elliptical motion of the .sleeve is shown on the upper right-hand 
side of the crank chamber. 
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CHAPTER III 

Lubrication, Carburetters and Cooling Systems 

The arrangements for lubricating motor mechanism are of special 
importance. The engine demands regular but not excessive lubrication. 
In the simplest and oldest .arrangement the oil is injected into the 
crankcase at intervals, the cylinder and piston lubricating themselves 
on the splash principle, i.e., the end of the connecting rod dipping in 
the oil throws up a continuous spray into the cylinder. The oil is 
carried in a small tank on the dashboard of the car. A pump is com- 
bined with it, and by this means a charge can be injected into the 
crankcase when required. On up-to-date cars the lubrication is effected 
automatically by a pump driven by the engine, and, provided that the 
oil supply is maintained in the crankcase (or separate tank in some 
cases), no attention is required. It is usual to provide a ‘‘sight ” on 
the clash, which enables the driver to regulate the amount of oil sup- 
plied to the bearings. There is considerable variation in the detail 
arrangements of engine lubrication, but in the system in general use the 
pump is placed inside the engine, whence it draws oil from a well in the 
bottom of the crankcase. Oil is forced up to a sight on the dashboard, 
and thence passes on to the bearings by a number of feed pipes. The 
oil from the bearings is continually draining into the well or sump and 
being used over and over again, and a considerable economy of oil is 
thereby effected. A method, used on most of the large, expensive cars, 
is by high-pressure force feed to each bearing. The crankshaft is 
drilled throughout its length, and the oil forced through the channel 
thus formed, issuing at each bearing through am aperture and lubricat- 
ing the bearings from the inside. A small pipe carries oil up each 


Automatic lubri- 
cation system for., 
a foiir-e yl in de r 
enginte, A rotary 
pump is mounted 
at the lowest part 
of the; crank 
chamber and 
delivers oil at" 
pressure via a 
sight on the dash 
to the engine bear- 
ings through the 
pipes and drilled 
or anlcshaf t as 
indicated by the 
arrows and dotted 
lines. The oil 
drains off again 
into the well at 
the lowest part of 
crankcase and 
supplies the pump 
continuously. 
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'Connecting" rod from the “ big ends/'’ and distributes oil to the gudgeon 
puis, and thence to the cylinder walls. 

The lubrication. the -cylinder ‘'walls is effected in most instances 
by “ splash, that is by the oil thrown up more or less in the form of 
spray by the connecting rod big ends. These either dip directly 
into* the" oil, which is contained in the crankcase base in a series of 
troughs, or the end of each connecting rod is provided with a small 
metal extension, named a * ‘ scoop, 5 * which dips into the oil at each 
stroke. 

Pump Construction and Arrangement 

Oil-circulating pumps consist of two classes: the rotary and the 
plunger or piston type. There are many modifications in design, but 
in general principle there is not much variation. The plunger type 
embodies a cylinder of very small bore, in which a steel plunger works 
up and down, the motion being obtained by an eccentric taking its 
drive from the engine valve camshaft or other convenient part by 



Gear wheel type of lubricating pump. 


means of a simple pinion gear. The inlet and outlet valves of the 
pump are of the simple ball type. The rotary or cogwheel pump con- 
sists of two small pinions, which engage one another, and running in a 
closely-fitting casing. Oil enters at the lower part of the casing at the 
midway position, and leaves at the top. The actual transmission of the 
oil is effected by the spaces in between the teeth, each forming a sort 
of pocket for a small charge of oil. The oil is carried- round both sides 
of the casing, the teeth at the point of engagement at the centre forming 
an oil lock. (This form of pump ds illustrated above, and a piston 
pump is shown in the engine diagram, page 31.) 

Filtering and Cooling the Oil 

Special care has to be taken to ensure that the- oil passing to the 
various bearings is perfectly free from foreign matter, such as grit or 
particles of carbon deposit which would cause damage to the bearings. 
For this reason the oil which drains back into the “ sump ” is strained 
or filtered through fine wire gauze. On some engines a gauze strainer is 
fitted in the filler so that the oil is strained previous to entering the 
crankcase. It is the practice on some cars to provide cooling ribs or 
flanges on the lower part of the crankcase, wherein the oil is contained. 
This, to some extent, cools the oil and improves its lubricating proper- 
ties before it is pumpedbackto the bearings. * 

Quality of Oil to Use 

Engine -oil must always be of the grade adapted to the work. A 
large number of oil manufacturers specialize in engine oil. The quali- 
ties of a suitable oil -are, briefly, ability to retain its lubricating pro- 
perty when heated, it must produce very little deposit of carbon, and 
it must be free from any foreign agent, such as acid, which would 
attack the metal it comes in contact with. 


Automatic Engine Lubrication By Pamp 
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■'.When the suction of the engine occurs petrol issues through the jet, 
and an inrush of air comes from below and passes upwards, carrying 
the sprayed petrol with it, and thus forming the explosive mixture. 
Many carburetters now have an auxiliary jet, which comes into action 
when the throttle is nearly closed, to enable sufficient petrol to enter 
the inlet. pipe to form a rich enough mixture, when the engine suction 
is diminished. -..There is an annular space around the spraying chamber, 
the purpose of this being to act as a C( hot jacket.” Hot water from the 
cooling system circulates through this chamber , and prevents the car- 
buretter ■ becoming too cold, as it would do otherwise, as heat is extracted 
from the metal by the act of vaporization of the petrol. Without extra 
heat the chamber would in cold weather freeze up owing to the moisture 
usually existing in the atmosphere being converted into frost. 

The main air inlet to the carburetter is usually placed close to the 
exhaust pipe near the cylinder, so that the air supply is warmed before 
it comes into contact with the fuel. 



Example of a variable jet carburetter the principle of which is that the 
petrol jet and air supply are controlled simultaneously by the suction 
effect of the engine. The jet is regulated by a taper needle which is 
attached to a piston which is lifted by the suction effect. The petrol 
sprays out of the small holes in the lower part of the hollow piston and 
there meets the inrusliing stream of air which. is similarly controlled in 
volume by the piston, the higher it lifts the greater the air supply 
that can pass round the annular space. 

Motor Fuels 

Petrol, motor spirit or gasolene are names given to a product 
obtained from heavy petroleum by a process termed fractional dis- 
tillation. It is a light, easily volatile liquid, with a characteristic 
odour. This spirit has the property of vaporizing at ordinary tempera- 
tures and pressure, and when mixed with air in about the proportion 
of 18 parts^ to 1 of petrol vapour forms an explosive mixture, which can 
be readily ignited by an electric spark. The density of petrol nowadays 
is greater than it was, from a specific gravity of .680 it has risen to as 
high as^.730, although the average is about ‘.710: The specific gravity 
or relative density is not noto regarded as a Comparative test of the 
quality of a given sample of spirit. Tbs present day heavy grades 
give, if anything, a greater amount of energy per gallon than the former 
light spirits. 
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Treatment of Fuels : Paraffins Benzole 

To produce an explosive mixture of paraffin and air a, special form 
of carburetter is required. If paraffin is used m any standard car- 
buretter as made ior petrol, very inferior, if any results at all, will foe 
obtained. The paraffin will condense in the inlet pipe, and little, if 
any, vapour reach the cylinder. Considerable heat is required for 
proper vaporization of paraffin, and carburetters for this fuel are 
specially arranged for exhaust- jacketing. The paraffin, for instance, 
may pass through a spiral tube inside a casing carrying exhaust gases; 


An example of an automatic car- 
buretter. The main supply of air 
enters from below the cone shaped 
“choke” tube. The auxiliary 
air supply enters through the seat- 
ings of the small ball valves at the 
top of the choke tube. The upper 
part of the carburetter comprises 
the throttle valve, shown nearly 
fully open. This part of the car- 
buretter is'^wsl^SIBfcjfor a hot water 
/supply. 


the vaporizing chamber would also be heated. For starting up petrol 
would be used, a by-pass being provided to a small tank containing petrol. 
Any carburetter for use with paraffin must be placed as close up to the 
motor as possible, and the inlet piping should be short and free from 
bends. Ample provision for extra air should be provided, as incomplete 
combustion of the paraffin has a serious effect on the valves and plugs, 
etc., resulting in fouling and heavy deposits of. carbon, causing pre- 
ignition,. The exhaust from incomplete combustion of paraffin is also 
very smoky and odorous. 

Benzole 

This fuel is now recognized a,s the most practical alternative to 
petrol. It is well known that ‘ 4 The Motor **■ has done important 
pioneer work in making the advantages of benzole widely' known 
amongst motorists,, with the result that the demand and output are in- 
creasing; at a rapid rate. Being a home-produced fuel based on the 
distillation of coal/ the desirability of increasing the supplies is 
obvious. The factor in the successful use of benzole on a car is that 
the spirit shall be of good quality. An unwashed, or insufficiently 
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washed, spirit cannot prove: successful, and a diluted spirit with 
an excess of, for instance, solvent spirit is not likely to prove altogether 
satisfactory, whilst too much sulphur in the fuel will prove obnoxious 
from the point of view of the smell from the exhaust gases, and in ‘.some 
cases if the presence of the sulphur is excessive, chemical action might 
take place on some of the copper portions of the carburetter, if any. 
This is owing to the fact that the chemical compound's of sulphur m 
benzole are more easily decomposed by the. presence of copper than 
are the sulphur contents in petrol. If the benzoie is of good quality the 
engine will run just as well, and generally better than with petrol, and 
also keep just as clean, or even cleaner. 

Carburetter Adjustment 

The question of the carburetter comes into : consideration now, and 
many types will run quite well without any alteration at all. If the car- 
buretter setting is right for an average petrol use, then the jet orifice 
should be reduce 1 about 10 to 12 per cent, before using benzole. . Then 
again, the spirit being heavier than petrol, the float has to be weighted 
in order to maintain the same level in the float chamber and the jet. 
In some carburetters this matter is of but little import, but on the 
other hand it may be a necessary factor in other carburetters. The 
difference is, roughly, 17 per cent., so that the float can be weighed, 
and a weight equivalent to the difference put upon it. A still rougher 
method, and one which is usually sufficiently near actual accuracy for 
average employment, is to put upon the float a little solder equivalent 
to something between the weight of a farthing and a halfpenny. It is 
usually preferable when adjusting the carburetter to do so on the lines 
now laid down, rather than to endeavour to utilize the same jet orifice, 
whilst adding more air. Having made these simple adjustments, see 
that the engine is clean, and then examine a plug cap after, say, a 50- 
mile run, and if there is any sign of sooting, it means that the jet 
orifice should be very slightly reduced further. It will generally be 
found, however, that -something in the nature of 10 per cent, reduction 
in area will “hit the mark.” 

, Benzole as a Solvent '* 

It must be remembered that benzole, generally speaking, is a 
stronger solvent than petrol, and that some benzoles are particularly 
strong, consequently, if there should be any paint inside- the tank, 
small pieces of rubber, etc., which have been innocuous while petrol 
has been, used, it is conceivable that these may now become dissolved 
and carried to the jet. If a tank should be found to be thus dirty, it 
should, be filled with benzole- and left for a time, and then the whole 
run off, and with a littl-e swilling and shaking it can usually be 
cleaned out. The benzole can be carefully strained and then, of course, 
used. It is as well to guard against spilling benzole on the paintwork 
or varnish of a car. •' 

: The' Question of Compression \ : 

The question is sometimes asked if it ■ would be desirable to put 
compression plates on to the top of the pistons to increase the com- 
pression. Admittedly an engine running on benzole will stand a higher 
compression without knocking, and it is probable that a slightly better 
efficiency would be -obtained, but it is certainly not advisable to do this 
in the present state of affairs. Correlatively to the question of com- 
pression is the fact that it seems practically impossible to make an 
engine knock on benzole, and in a large number of cases . which have 
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been related an engine* which knocked at the slightest liill on petrol 
absolutely gave up this misbehaviour on using benzole. Heating the 
carburetter and induction pipes, especially the latter, is advisable with 
all carburetters, as heating is requisite before the atomized fuel can be 
turned into a true gas, and it is preferable to do it en route than to wait 
until the charge reaches the combustion chamber.^ With . benzole the 
heating is in some cases slightly more desirable, and sometimes a small 
auxiliary pipe from the water-circulating system can conveniently be 
coiled around the induction pipe. 

Cause of a Flooding Carburetter 

A persistent tendency to flood, no matter how carefully the needle 
valve may be ground in, will often be found to be due to a punctured 
float, and as the petrol can get through practically anything in the 
shape of a crack or pin-hole, the buoyancy of the float is at once 
altered. Examination of the usual type of float will show that it con- 
sists of two halves soldered together, with a tubular centre soldered 
top and bottom. These are the places where leakages are liable to 
occur. If a crack or puncture is discovered — and it often necessitates 
very careful inspection — it is only necessary to dry out the petrol in a 
current of warm air and re-solder, taking special care that the weight 
is not increased. 



Method of obtaining a gravity supply of petrol to carburetter. The petrol 
tank is placed at a higher level than the carburetter. Some small cars 
have a combined tank and dashboard. 


Gravity and Pressure-Fed Petrol Supply 

These are the two systems of petrol supply in vogue, the pressure-fed 
being mainly used on large cars, in which a petrol tank of large 
capacity is fitted to the rear. To raise the spirit from the tank level 
up to the carburetter a connection is made between, the tank and 
exhaust pipe, or from a small air pressure reservoir charged by an auto- 
matic pump, the pressure thus obtained forcing the petrol into the car- 
buretter. An intercepting valve on the pressure pipe prevents, as far 
as possible, the ingress of moisture and overheated gas into the petrol 
tank. For starting purposes some cars have a small auxiliary gravity 
tank joined by a two-way tap to the carburetter; usually a hand pump 
is fitted to raise the initial pressure in the tank. . The gravity system 
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Handling and Storage ■ of Petrol 

is the simpler, the tank being fitted under the seating space or at 
the rear behind the body. In some cases it forms part of the dash- 
board. This is a plan often adopted on small cars, as it economizes 
space. (See illustrations on previous page and below.) 

Petrol Filter 

It is important that the petrol in the tank be quite free from water 
and foreign matter. The tank should always be filled through a xunnel 
fitted with a strainer of the finest gauze to intercept water or grit. An 
additional filtering and water trap device should b© fitted between the 
tank and carburetter. This must be cleaned out occasionally. 



Pressure supply system; the tank being below carburetter level, and the 
petrol raised up to it by pressure from the exhaust or from an air pump. 

A gauge (not shown) indicates the amount of pressure in the tank. For 
starting up, initial pressure in the tank is obtained from a hand pump. This 
system is used on many large cars which require a large petrol supply. The 
tank, is fitted at the rear of the car. The “ sumjp ” is a form of well which 
serves as a trap for grit and water. It can be drained by unscrewing a nut. 

Tli© Handling and Storage ©f Petrol 

Owing to the highly inflammable nature of petrol spirit particular care 
is required in the handling and storage of it. There are certain Board 
of Trade Regulations to be observed with regard to it. Thus the spirit 
must be kept in metal vessels not exceeding two gallons capacity, 
fitted with screw stoppers, so that no leakage can take place. Not 
more than 60 gallons may be stored in one place or at any one time. 
This is exclusive of any quantity of petrol stored in the tank of the car. 
Any person keeping petroleum spirit in a storehouse situated within 
20 feet of any other building, whether or not in his occupation, or 
of any timber stack or other inflammable goods, must give notice of 
same to the local authority under the Petroleum Acts for the district. 
This regulation does not apply to petrol kept in the tank, of a 
car. If it is desired to keep petrol for sale, a- licence from the 
local authority must be obtained. The safest plan for storing any 
quantity of spirit is to keep the cans or vessels in an underground 
concrete or metal chamber, some distance away from any building or 
outhouse. It is of the utmost importance that petrol should never he 
handled in the vicinity of any gas , oil, or candle flame. Neglect of this 
rule has been the cause of a number of serious and fatal accidents. 
Petrol may be safely handled by electric incandescent light ; but even 
in this case it is desirable to have the electric bulb protected by an 
outer glass cover. In the event of a petrol fire occurring, instant steps 
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should be taken to get a lax'ge quantity of sand or damp earth, which 
can be thrown on the biasing spirit with the object of absorbing it and 
extinguishing it, or one £>f the patent “ extincteurs ” sold may he used. 
A small fire can be extinguished by smothering it with a damp cloth. 



Section of pressure control valve and filter. 


A. Exhaust connection. G Escape ports. 

B Gauze filter. H Pressure relief valve. 

C Pressure supply valve. J Spring to H. 

D Spring to C. - K Relief pressure regulating valve screw. 

E Pressure regulating nut. L Lock-nut to Ii. 

F Connection to petrol tank. 


WATER-COOLING SYSTEM 

To maintain the engine at a workable temperature, water-cooling is 
adopted. This is effected by causing water to circulate continuously 
around the cylinders by natural or thermo* circulation, or it may be 
forced round by a rotary pump. The* heated water from the cylinders 
returns through a radiator, in which it passes through a series of 
thin copper tubes, which have radiating webs or flanges of thin metal 
surrounding them. The object of the flanges is to dissipate 
as much as possible of the heat absorbed by the water by 
exposing it to a large cooling surface of metal. The radiator 
system is usually fixed in the forward part of the car, to obtain the full 
benefit of the draught of air. The same water is used continuously, 
so that it is only necessary to replace the loss caused by evapora- 
tion. It is usual to have a rotary fan to assist in inducing* a, draught 
of cold air through the radiators and accelerating the cooling when the 
car is moving slowly, as in hill-climbing or slow running in traffic. The 
fan is driven from the crankshaft by a belt and fixed at the back of the 
radiator. A a alternative method which avoids the use of a separate 
fan is the provision of fan- varied arms in the flywheel. 

Thermo Circulation 

The principle known as “ thermo circulation ” has the merit of sim- 
plicity. The flow results from the difference in density between heated 
and cold water. The cold water flows out of the radiator into the lower 
part of the cylinder jacket. The heated water rises up through the 
top of the jacket by reason of being lighter, and then re-enters the 
radiator ; as it comes into contact with the large cooling area it becomes 
denser, and flows out again and re-enters the cylinders. ' The efficiency 
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of a natural circulation system mainly depends on the pipes being of 
large diameter, short and free from bends, to offer the least possible 
resistance to the flow. The upper part of the radiator where the water 
enters must he well above.-the tops of the cylinders. 



Cooling by thermo- 
syphon circulation. 
(Radiator behind 
the engine.) Pump 
dispensed with. 
The arms of the 
fly-wheel are de- 
signed to act as 
fan-blades; a sepa- 
rate fan is un- 
n e c e s s a r y , but 
the underpart of 
the engine must 
be carefully 
screened in. 


In the type of engine in which the cylinders are cast together or 
* * en bloc 5 * a single cooling jacket embracing the four cylinders is 
used. Baffle plates to direct the circulation ox the water round the 
valve pockets are fitted inside. 



An example of a thermo-syphon 
system cooled engine in which 
a belt-driven fan behind the 
radiator is used to draw air 
through it. This system is ncnv 
practically standard, the pump 
being used on a minority of 
Engines. 


The upper diagram is typical of the cooling.' system on many cars, 
as the placing of the radiator to the rear provides accessibility to the 
engine, magneto, etc. 


CHAPTER IV 


Ignition Systems 

Many readers of this book are familiar with the meanings of the 
electrical terms employed in the following pages. On the other hand, 
there are probably many others who are entirely unversed, in the 
technical phraseology of electricity and magnetism. For their benefit 
the following list o! explanations has been drawn up. 

Definition of Terms Relating to Electrical Ignition 
Systems 

Electric ignition refers to any method in which the explosive mixture 
of petrol vapour and air is fired by an electric spark. 

Magneto ignition or magneto electric ignition -express the same, 
namely, that the electric current causing the spark is produced primarily 
from magnets and rotating coils of wire forming the armature, these 
being the fundamental parts of a dynamo. The generation of the spark 
is thus effected automatically by the engine driving the magneto. 

Coil and battery system of ignition . — In a battery the electricity is 
obtained by chemical means instead of mechanical means, as when a 
magneto is used. The coil has nothing lo do with the generation of the 
electric current, its function being to “ gear up,” intensify, or increase 
the pressure or transform the low-voltage primary current generated by 
the i attery into a high-voltage secondary current to enable a spark to 
bo produced across the air gap of the sparking-plug points. 

Accumulators . — Secondary battery , or storage battery. — The elec- 
tricity produced from a dynamo can be readily converted into chemical 
energy, and this pan be stored up in an accumulator and changed back 
into electricity instantly when desired. ' It is a mistake (in a tech- 
nical sense) to speak of an accumulator being “ charged with elec- 
tricity.” Certain chemical changes occur in the elements of the cell 
when current is sent into it, and these create a current again through 
another series of changes. 

High tension and low tension imply much the same meaning as when 
speaking of . steam or water at high or low pressure. A magneto 
generates primarily a low-tension current, which the secondary wind- 
ing on the armature converts into high-tension current. A battery or 
accumulator only gives a current at low pressure which is not sufficient 
to produce a spark, but by sending the low-tension current through an 
induction or intensifying coil the tension or pressure can be greatly 
increased so as to readily produce -a spark 

Volts. — A term or unit indicating the pressure value of the current. 
For example, the pressure or voltage of an accumulator is 2 volts 
for each cell. The pressure of the sparking current may be as high as 
20,000 volts. It is a unit comparable to the pounds per square inch 
used when speaking of steam or water pressure. 

Amperes defines the rate of flow of current along the wires as dis- 
tinguished from the pressure forcing it along. It is a unit that may 
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Electrical Terms and Units 

be compared with the gallons per minute unit used when dealing with* 
hydraulic measurement. 

Ampere-hours capacity of an accumulator is a term used to express 
the amount of electrical energy that can be got out of an accumulator 
of a given size. An actual *50 ampere-hour accumulator should be 
capable of giving 1 ampere for 50 hours or 2 amperes for 25 hours - ; but 
the capacity tends to become less as a higher rate of current is taken 
from the cell. . yyy;'';,- 

Watts. — The unit of electrical power obtained by multiplying volts 
by amperes, flowing in a -circuit; 746 watts equal 1 horse-power. The 
term is much used in electric lighting. One watt should give one candle- 
power. The kilo-watt, which is the commercial unit, is equal to 1000 
.'"watts.; ■ 

Insulator. — A material through which electricity cannot flow, for 
instance, porcelain, mica, india-rubber, fibre, vulcanite, glass, celluloid, 
paraffin- wax, silk, shellac, steatite, slate. 

Conductor. — A material along which electricity will readily flow, 
such as copper, platinum, steel, and, in fact, all metals. Silver is the 
best conductor, but copper is only very slightly inferior. Carbon is a 
non -metallic element, but an excellent conductor much used in magneto 
construction for the brushes.- The wires or cables of the ignition 
circuit are sometimes referred to as conductors or ‘Meads.” 

Primary coil. — The winding of an induction, coil through which the 
current from the battery circulates. In a high-tension magneto also a 
primary and secondary winding are used, the former inducing a high- 
voltage current in the secondary. 

Secondary coil. — The winding in which the high-tension current is 
generated, which is quite distinct from the primary current. 

Positive pole. — Usually indicated with a plus sign means the 
positive terminal, or wire from which the current starts in an accu- 
mulator or dynamo. The carbon in a primary or dry battery is 
positive. 

Negative pole.- — Minus sign, — . The point to which the current 
returns after passing through the circuit. 

Earth connection, or “ return.” — An inaccurate term when applied 
to the electric circuits of a motorcar. The motor is insulated from 
the road by the tyres, hence the “ earth ” is not used at all. What 
is meant is that the framework of the car is used as a return conductor 
so as to dispense xvitli some of the wires. 

Commutator . — Also a term often misapplied in motor- work. A com- 
mutator is really a piece of mechanism that reverses the direction in 
which the current is flowing. The contact maker is what is generally 
meant. A commutator is, however, an important part of a. lighting 
dynamo, from which the current is- collected. 

Distributor. — Used on a magneto or single-coil system to fire several 
cylinders in succession. A special form of rotary switch which directs 
the high-voltage current to the various sparking-plugs. 

Condenser. —An important part in a spark coil or high-tension 
magneto, # consisting of a series of waxed paper or mica sheets inter- 
leaved with tinfoil. Its function is to absorb the “ back ” or reverse 
current generated in th-e winding, which, unless passed into the con- 
denser, would greatly lessen the sparking efficiency. 

Spark yap. — A safety device on a magneto to prevent the armature 
windings being strained or short-circuited owing to a faulty sparking 
plug or wiring circuit. 

Short circuit . — This expresses what takes place when the current 
flows along an unintentional and shorter path, which is usually a path 
of ^ much lower resistance than the normal one. The current therefore 
fails to perform the function it ought to. If two wires carrying the 
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■ current t .. ■ 

immediate] a femp come into accidental contact, the current will 
light till it , e “ le shorter and easier path, and the lamp will fail to 
. l «e sbort.mVn«i+ ; „ 


r ”-v nmu ici auu ccunt 

Oone.cn^.^ ■ rt “ c ircuit -is removed, 
one direct current . — This implies that the current flows 

gener&tar, * ectaon from. the positive to the negative terminal of the 


— UA . con wuueus, ana xd cannou cnarge accumulators, 
'ow, as instrument to indicate amperes or rate of current 

Voltmeter ^ ^ le switchboard of a lighting set. 

Synchro^ * .^strument to indicate volts or pressure of current, 
the same time : two or more sparks to occur exactly at 

ne., the ; * r ft t a similar period in a given cycle of operations, 

one cyiin c f e -t 11 ot * four-cylinder engine must be synchronized so that 
oes not fire relatively later than another. 


tl ° n of til * Explosive Charge. Some General 
,\ t , 0J)e Considerations 

the ignitio, 1 / 11 ^^^ a most difficult problem to solve. Nowadays 
dardizecl sy s + £ ST Jf m .°f a car gives practically no trouble, as a stan- 
an electric cuw-f? b f en arrived at > viz., the magneto which generates 
Hie y ail d produces a spark automatically when required, 

system used P erm *nently driven by the engine, the first ignition 

system , a , car ,? ri §' ln es was known as “ tube ” ignition. In this 

had to be ke»>t ,• ^ d ;1 V Um lobe screwed into the combustion chamber 
eercms an.-? . t ^ me a n do s n, an +. hv maanc nt sv.imi Li.™,,., t* .3 


1 *+1.^ » T w wuur au rue moss enective 

0 long as the of the engine, and it was safe and also reliable 

This system generated current, 

the roads, a!] J obsolete, is in use on some of the older cars on 

or the system* • 111 s ’ reason a brief', description of the various parts 

that it is a oon^i! ln anot!ler section. It will be . noted, however, 
is an entirely 'Pf/ *«angement of various parts; whereas the magneto 
lutely reliable rt? i a ’ ned ignition system, very compact and abso- 

cui] and batte' ““ ®*c' en cy also is unquestionably greater than the 

explosion of and for two chief reasons, the timing of the 

engine is P« , actic.l1?^ es . “ the / < ? r or six-cylinder of a modern car 

each cylinder xv i ri T^’fect, allc l therefore, other factors being equal, 

is always a doubiU 6 ^ equal power. With coil ignition the timing 
mense sparfc whieV? 1 "! 1 *'!’ . lhe raa g n «t° also generates a peculiarly 

,Vn!ft nSln f~~ a valuable 6 ? t0 lncre f se “ intensity with the speed of 
ignition of th e ;V^“ e feature, as there is practically no delay in the 
at high as at loy^t ^ S so t5lat ^ le accura cy of timing is -just as great 
except at lor, *!*«**. The magneto does not require any atteUtion 

IdiSL C T&»eM r lti ° n th ? ° tter **»«> the ooU sysSSiS 

adjustment. cm parts, requires regular attention to keep it in 

Two modifi c , . B «.rly Magneto Systems 

, n ,°' v o,dav^ °L tlle magneto system may be briefly referred to. 
These are th e oSl/h®- ° f 1Me more , tllan ^stoftcal interest 
gmal low-tension magneto and the special low-tension 
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The Theory of the Dynamo 

magneto sparking-plug systems. The former had for some years a 
considerable vogue. The magneto was of the simplest type possible, 
but the sparking plugs, which were indispensable to work this system, 
were of relatively complex construction, consisting of tappets, springs. 



Diagrammatic view of direction of “ lines of force ” issuing from north and 
south poles of a bar magnet, and as would be mapped out by iron filings 
as described. (The complete path of the lines from N to S is not shown, 
but the lines extend in curves from pole to pole.) 

cams and other parts. The engine had to be specially designed with 
the tappet arrangement in the cylinders. Practically all. these engines 
with low-tension magneto have 'been converted to the standard high- 
tension. The special magnetic plug system never came into extensive 



Diagram of the simplest form of magneto, which clearly illustrates the funda- 
mental principle on which a magneto works. A magnetized bar of steel has been 
suddenly plunged into the interior of the coil of copper wire. A momentary swing 
of the needle of the current indicator proves that a sudden wave of current has 
been generated in. the coil. On suddenly withdrawing the magnet from the coil 
the needle of the indicator would swing over in the other direction, showing that 
another wave of current flowing in the opposite direction had been generated in 

the coil. 


use, although in some respects it was an improvement on the mechanical 
©r tappet arrangement. 

The Production of an Electric Current 

There a^e many ways of producing electricity ; for example, by 
chemical action, as by placing a piece of zinc and copper in salt 
water or acid ; or by friction, an interesting practical example of 
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which is to be. found iw the static X-Ray machines. A .current can 
he got by heating two pieces of metal, each of a different ■■'kind, 
thus forming a “ thermo-pile,” although the current is too feeble to be 
of practical service. The most practical of all methods is to get the 
current direct from mechanical energy, the means adopted to obtain 
current for railways, tramways, power, light and all . industrial pur- 
poses. The changing of mechanical energy into electricity is possible 
by means of a machine termed a dynamo. Fundamentally this consists of 
(i) a set of magnets ; (2) a series of coils of insulated copper wire so ar- 
ranged that they can be revolved within the “field of force” of toe 
■magnets— this part is termed an armature ; (3) a set of springs, brushes, 



Lines of force around poles of a horse-shoe magnet. This diagram indicates 
very approximately the path of the lines adjacent to the poles as would be 
mapped out by iron filings. 

or collectors' forming a permanent connection to the coils of wire, 
enabling the current generated to be drawn off. The features, then, 
of any dynamo are its. magnets and rotating coils of wire on the arma- 
ture; and the distinctive term “magneto” ignition is applied because 
of the fact that* magnets a.re» used in the apparatus. 

Simple Theory of Magneto: “ Lines of Force” 

The magnets of a magneto are made of a special grade of steel, made 
flint-hard, and are technically termed permanent magnets, because 
there is a continuous flow of magnetic force from the ends or poles. A 
simple experiment can be recommended as a means of obtaining a 
clear idea of lines of force. Ruv for a few pence a small horse-shoe 
magnet of the ordinary kind, as sold at. tool shops, veto., 
then obtain as much iron filings as wdll go on a sixpenny-piece, 
and a half sheet of smooth note-paper: with these few items it 'is . 
possible to render the magnetic field of force, at the magnet poles 
quite visible. First remove the small piece of iron from the ends of 
the magnet (it is called the keeper); place the magnet flat on the 
table, and over it the note-paper: put the iron filings in a piece 
of muslin, and sjft them gently on to the paper so that they collect 
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Details of the Magneto 

near the end of the magnet ;; then tap the .paper carefully with a 
pencil or any light object, and it will at once be seen that the filings 
distribute themselves in a perfectly regular system of straight lines 
and curves. The filings, in fact, map out the lines of magnetic force 
issuing from pole to pole. This simple experiment will prove that 
round about a magnet there is a “ field of force.” Given this field of 


Diagram of magneto and arma- 
ture “ core ” of a standard pat- 
tern magneto. There are three 
double (or compound) magnets 
of hardened steel. Screwed to 
these are “ pole pieces” of soft 
iron. The armature core of H 
section is partly built up of thin 
iron plates the ends being solid. 
The channels are wound with 
wire, this forming the windings 
or coils. 


force, if a closed coil of insulated copper wire be rotated within 
it' so that the lines of force can be made to alternately pass through the 
coil and then be suddenly withdrawn, a current will be generated in 
the coil and flow along It. This current changes its direction each 
revolution, or “alternates.” This, then, is the fundamental principle 
underlying the working of a magneto — vi-z., the rotation of a coil of 
wire within the field of force of a magnet. • 

•Effect of the Armature Core 

The coils of wire forming the armature of a magneto are wound 
on a shuttle- shaped iron core, and this -plays a very important part 
in the generation of the current. During one. period of the revolution, 
viz., that during which the “cheeks” or curved sides of 
the armature core are passing across the pole pieces or semi- 
circular-shaped pieces of soft iron which are screwed to the 
steel magnets the lines of force all pass through the coil and 
no change in the number, of lines occurs till the cheeks 

of the armature reach a position which offers an easier and shorter 

•path for the lines to get across from pole to pole. This position is 
that where the cheeks of the armature just bridge the space top and 
bottom between the magnet poles. The lines of force are suddenly 

withdrawn from the coil and pass directly across ■ the iron till the 

armature gradually assumes its previous position and the lines of 
force pass through' the coil again; only to be withdrawn suddenly as 
the armature in due course bridges the pole pieces. It is at the instant 
of this sudden withdrawal of the lines of force that the current is 
generated. 
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The Contact-breaker Effect 

The armature consists of two distinct coils or windings : a thick-wire 
coil of a few turns and a very fin e-wire coil of a great number ot turns. 
The thick -wire coil is always kept on “ closed or complete circuit UL 
the instant that the armature core is passing the position where tae 
sudden withdrawal of the lines of force occurs. At this instant the 
circuit is suddenly interrupted or broken by a simple mechanical device 
known as a contact breaker. The effect of this sudden rupture ot the 
circuit through which is circulating the current generated by the with- 
drawal of the lines of force is to greatly augment the strength ot that 
current just for an instant. 

Function of the High-tension or Secondary Winding 

This is the fine-wire coil previously referred to. as wound over the 
thick coil. It is in this coil that the actual sparking, current is gener- 
ated, and this occurs simultaneously with the generation of the current 
in the thick wire coil. The effect is one entirely of “ induction ” or, in 
a sense, the influence of the primary current. This coil is always . on 
open circuit, being permanently interrupted by the gap at the sparking 
plug. The sudden rise of electric pressure in the primary causes a 
simultaneous rise of pressure of enormously greater force or “ voltage ” 
in the secondary winding. 




Illustrating how the rotating armature alters the disposition of the lines of 
force. A shows all the lines threading through the coil, and on further 
rotating to position as B, i*ie lines are suddenly diverted from the coil 
and pass through the upper and lower parts of armature. A “maximum” 
position occurs twice per revolution. This is the most effective position in 
which to interrupt the armature circuit, which results in a sudden rise of 
electric pressure in the armature coil. 


Details of a Magneto 

In any standard magneto the construction would by as follows ■ 
Tiro field magnets consist of two-— or in large machines three— -pairs, one 
magnet of each pair being superimposed above the others. In 
some few cases three magnets are placed one over the. other. 
The magnets are set to give correct north and south polarity. 
The ends or poles embrace “pole pieces” of soft iron, bored 
out to allow the armature to rotate quite freely, but very closely 
to .the pole faces : in some cases the clearance is only .002 in. The 
armature in the standard type of magneto is of the well-known 
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tc shuttle n section. An important feature is that the armature is built 
up of thin stampings of soft iron, each insulated from the other by a 
thin film of varnish. This form of construction is known as a “ lamin- 
ated armature core.” It has the advantage over a solid cast-iron core 
in that the electrical efficiency is higher by minimizing induced cur 
rents in the iron core, which represent considerable waste of energy 
and cause heating. By constructing the core of thin sections, the 
currents cannot circulate through the iron. In the case of a solid core, 
the iron would have to be annealed to render it as <e soft ” as possible, to 
obtain the best magnetic effect. To the ends of 'the armature the steel 
shaft or spindle is fixed by brass end plates. One end of the shaft, is 
hollow, and it is noteworthy that all modem machines are fitted with 
ball bearings to eliminate friction and wear. The armature, core is insu- 
lated with varnished tape, and then the “ primary ” winding of thick. 



MAGNETO CIRCUIT 

This diagram depicts the primary and secondary windings. The former 
completes its circuit through the contact breaker, and the secondary circuit 
is completed through the sparking plug, the magneto itself forming the 
return circuit for both primary and secondary currents. 

insulated wire carefully wound on. The beginning of the winding is 
connected direct to the core, or, as it is usually termed (incorrectly), 
“earthed.” The finishing end is passed down through an insulating 
tube into the hollow shaft. This winding is, very carefully insulated, 
and then over it is. wound the “ secondary ” winding, composed of 
many turns of fine wire (42 or 44 s.w.g.), insulated with silk and soaked 
in. paraffin wax. The beginning of this winding joins to the end of the 
primary. . The finishing end is also taken through the centre of the 
shaft inside an ebonite, tube. The primary now" makes a connection 
with the interrupter device, or make-and-break. The secondary or high- 
tension end of the windings makes a connection with the distributor 
by means of an insulated ‘‘slip ” ring and brush. 

Cai’bon Brush : Distributor, Condenser 

There are several methods of making the connections ; usually a 
carbon brush pressing on an insulated ring is adopted, thus allowing 
the ^armature to rotate freely, and also enable the induced current to 
be drawn off. The distributor is, in effect, a rotary switch, specially 
insulated and provided with a number of contacts ' equivalent to the 
number of cylinders on the engine. An important part in a high- 
tension magneto is the condenser built up of a large number of 
paraffined paper or thin mica sheets, interleaved with tinfoil. It is 
made up into a compact block, and connected in such a way that it 
forms in effect two large sheets of foil separated by the. insulation. 
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Complete armature of a magneto. Tire condenser is mounted in 
a case oil the right-hand end as shown. The small pinion, engages 
with the large gear wheel of the distributor. This gear wheel is 
twice the diameter of the armature pinion. The collector ring, oi* 
“slip ring,” is on left. The ball bearings and the taper seating 
or the driving sprocket or pinion are also shown. The contact 
breaker, which is a detachable unit, fits on the extreme right- 


hand end of the armature. 



End view of magneto (with covers removed) showing the contact make-and- 
break mechanism with its adjusting arm for advancing and retarding the 
timing. Above the contact make-and-break is seen the high-tension dis- 
tributor with its four metal sectors on which lightly presses in succession 
the carbon brush conveying high-tension current from the armature. The 
carbon brush of the distributor rotates at half the speed of the armature. 
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Condenser Action 

The position of the condenser is shown in the illustration of the 
armature. _ Current is induced in the primary winding at the moment 
when the lines of force are suddenly diverted from their path through 
the winding to the path through the iron cheeks of the armature. The 
winding is at this moment a closed circuit, but just on the point of 
being opened by the yam striking the .*■* make-and-break.” This sudden 
interruption of the circuit at the instant of maximum induction induces 



Vertical section through magneto, showing arrangement 
of magnets and pole pieces. The armature core with its 
primary and secondary windings is also clearly shown in 
the dark and light shading within the core spaces. 

a high-voltage current in the secondary winding. It is at the moment 
of interruption of the .circuit that the condenser comes into action 
by allowing the charge in the primary 'winding to expend itself quickly. 
In a sense it is a similar action to a spring taking up a sudden 
mechanical shock. If the condenser is properly made and proportioned, 
there . will be little or no sparking between the platinum contacts, and 
the circuit will be completely and instantaneouslv interrupted. With- 
out a condenser heavy sparking would occur, and the “break ” would 
be delayed, and the high-tension current seriously weakened. A 
current is induced twice per revolution, and the distributor is geared 
proportionately with the armature to give the correct number of sparks 
according to the number of cylinders the engine is provided with. 
I he correct timing of the ignition moment relative to the piston 
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position is of 'great importance. As before explained, there is a 
particular position during the rotation of the armature between the 
poles of the magnets when the induction of current will bp at a maxi- 
mum value; the moment of interruption of the primary circuit should 
therefore synchronize with it. If the timing is required to be made 
later, and the contact make-and-break moved bodily through so many 
degrees of angular movement, it must follow that the armature will 



Vertical section through magneto, showing the high- 
tension collector ring on armature. On this presses a 
carbon brush which conveys current from the high-tension 
winding of the armature to the distributor, the back part 
of which is visible. The solid black circle represents the 
insulation of the collector ring surrounding it. This 
latter is of brass. 


nave moved past its best position for induction into a less favourable 
one. By using a very powerful set of magnets, however, it is possible 
to compensate for this disadvantage. Another method is based on the 
fact that the strength of the induced current is proportional to the 
speed o:^ rotation. If, now, the “ maximum ” induction and maximum 
retardation positions agree, the current will be at a comparatively high 
value, even when the speed is low, so that it is possible to obtain" a 
spark strong enough to start on. When advancing the ignition, 
although the armature is in a less favourable position, the speed will 
be higher than before and compensation thus obtained. 



Scheme of wiring and armature circuits of four-cylinder magneto. 


The Safety Sparking Gap 


Magnetos for Y-Type Engine 

To produce a machine capable of firing cylinders set at an arnde to 
each other proved a problem of considerable difficulty for sometime 
but very satisfactory magnetos adapted to meet this special require- 
ment are now made. The difficulty which had to be surmounted was 
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Combined Magneto and Coil 

This form of machine, used to some extent on American cars, 
generates a low-tension current in the armature, and is fitted with 
make-and-break mechanism a,s in other types, and in general 
design, is . similar. This low -tension current is discharged into 
an . induction coil, differing very little in principle from an 
ordinary coil as used with accumulators. To make the machine 
self-contained, it is usual to fix the coil under the arched portion of 
the magneto, this space not being otherwise utilized. It is possible, to 
get more wire on a coil than on the armatur-e, and, as the high-tension 
circuit is kept apart from the armature, risk of breakdown is avoided, 
although the insulation of most double- wound armatures is so sub- 
stantial that a failure is very rare. 


The Safety Sparking Gap 

A device known as the “safety sparking gap ” is used to prevent 
the magneto being subjected to undue strain, either by the machine 
being driven at an excessive speed, or owing to the normal discharge 
gap across the plug points being too wide. The safety gap forms a dis- 
charge point set to a predetermined distance from the frame, this point 
being in direct connection with the high-tension terminal. The current 
can therefore safely discharge if the normal path is cut off. This device 
is seen in the appended illustration. The passing of a spark or inter- 
mittent “ flashing ” at the safety gap, may be regarded as a sure indi- 
cation that the ignition at one or more of the plugs is faulty, and the 
engine is misfiring. In this case the proper course is to replace the 
plugs successively "till the faulty one is located. 





View from distributor and contact- breaker end showing the four terminals and- 
timing indicator on the distributor cover. The lower terminal is for a switch 
connection to enable the current to be switched off when desired. 
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to obtain the sparks at irregular periods. The ordinary magneto 
has a symmetrical arrangement of “magnetic field/ 5 the maximum 
position occurring at each half rotation of the armature when 
a spark is produced at the plugs. In a V-type engine of two cylinders 
the connecting rods drive on to the same crank-pin, and according . to 
the amount of angular deviation will be the proportion of irregularity 
in the firing interval. In one well-known V magneto the principle 
adopted is to have a peculiar form of pole piece to the magnets and a 
special armature. In the case of an ordinary machine the horns or 
edges of the pole pieces are quite symmetrical, but on the V magneto 
the horn of one pole projects towards the central line, and the one 
opposite is cut away. This is done in one direction for one half the 
length of the .^ple''''pi'^cesv'^:'w i hiist ; ' for the other half tine position is re- 
versed so that there are two projecting poles at opposite corners and two 
blunt poles at the other corners. The armature has a somewhat similar 
disposition of the metal mass of the “ core 55 adopted. This is best 
explained by regarding the ordinary armature as of H section, the two 
verticals of the H standing for the cheeks and the wire being wound on 



Normal Magneto ^ 


'.■' /■ yHan of arrangement of circuits of auxiliary magneto, which is fitted on the • 
dashboard of the car, to facilitate starting. 

the horizontal connecting the two. In the V-engine magneto one cheek 
of the H is cut away for half the length on each side, so that there is 
really a T section at each end. The winding, however, is similar to 
that used on an ordinary machine. As previously stated, the maximum 
or spark-producing position occurs when the cheeks of the armature 
bridge the gap symmetrically between the poles In this magneto, as 
one pole is given a “ lead,” the maximum position is well past a central 
vertical line cutting the machine. Two currents are induced per revo- 
lution from each end of the armature, and supply the respective plugs 
For V-type engines, with the cylinders set at 90 degrees, it is 
possible to use a magneto with a 'fixed armature and rotating iron 
shield between the pole pieces and armature. This type of magneto 
generates a current at each 90 degrees of rotation, and has to bo 
driven, at crankshaft speed. This magneto was one of the earliest 
types introduced, but is still made to meet special conditions. 
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]>ua! Ignition Coil and Engine Starter 

Tile system illustrated enables an engine to be started from the dash 
by pressing a button on the starting coil. Only one set oi sparking 
plugs is required, and a switch on the coil enables the magneto to be 
brought into circuit after the engine has been started on the coil and 
battery. The high-tension distributor and the contact-breaker on the 
magneto are used in either system, and in the improbable event of 
failure of the magneto, the engine can be run continuously on the coil. 
The latter is provided with a trembler, which can be brought into 
action to give continuous sparks by turning the starting button round; 
starting is thus facilitated if the sparks from the coil are not 
effective. 


Auxiliary Magneto for Starting: 

An alternative system to dual ignition consists in the provision of a 
small high-tension magneto, but made without a distributor. The arma- 
ture of the machine is geared up about four to one,ytnd is rotated by 
a handle. A connection is made from the armature 'to the distributor 
of the main magneto, which has a special carbon brush holder provided. 
This is the only alteration required. " This arrangement ensuces that 
one of the cylinders, with the piston in a favourable position for 
starting, will be in contact with the auxiliary magneto, and, therefore, 
a partial turn of the handle of' the latter will ensure a start. A dupli- 
cate drive to the auxiliary magneto can be made by fitting a 
flexible shaft and simple piece of gearing to the engine-starting handle, 
thus facilitating a start, should it be necessary to tern the engine 
round to induce a charge of explosive mixture into the cylinders. 

The Magneto Switch 

Although this is not indispensable a magneto is always provided 
with a special terminal, which can be connected up by a wire to a 
switch. It is not a necessity for control, as an engine is not controlled 
by cutting off the ignition, but in some instances it is useful to be able 
to switch off, as when using the engine compression as a brake or to 
stop the engine whilst leaving the throttle full open, so that some 
of the cylinders will retain a charge of explosive mixture and enable 
an easy start to be made, A magneto switch temporarily short cir- 
cuits the armature windings, so that the make-and-break mechanism 
has no effect and no spark is generated. 

Safety Lock to Switch 

Probably the most useful advantage of a switch is that by locking 
it in the “off” position it prevents unauthorized use of the car, as 
the engine cannot be started. Magneto switches are now often 
provided with a lock. 



Automatic Advance ' : . . bi2 

Principle of Automatic Advance Magneto 

. :vAs distinct from the ordinary magneto with a fixed timing point, or 
that with the usual variable timing arrangement controlled by the 
driver, there are a number of special machines by leading makers in 
which the timing is effected automatically, and a maximum intensity 
of spark assured for any given engine speed. This result is obtained 
on some machines by combining a centrifugal device or governor with 
the armature, which ensures that at all speeds the contact breaker of 
the magneto will operate at the point of maximum efficiency , •as. well 
as at the correct time with regard to piston position. 

Tli© Two -cylinder Magneto 

The'magneto for firing a two-cylinder engine is not so easy to under- 
stand with regard to the timing of the sparks as the single and fow- 
cylinder types, Two-cylinder engines are made with different crank 
systems, one being set at 180 degrees and one at 360 degrees. In the 
former two explosions follow in succession, and then there is a long 
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-Armature positions when generating current in two-cylinder magneto. 


interval till the next two explosions. In the 360 degrees setting tin- 
explosions occur at equal periods. The same type of magneto does foi 
each engine, the difference being only in the speed it is driven at. In 
.the 18G ' degrees -engine it runs at the crankshaft speed, and in the 
360 degrees it runs atf half crankshaft speed. The distributor is 
mounted on the armature shaft of the magneto, and takes the place of 
the usual slip ring and consists of a half-circle sector of metal, which 
makes contact alternately with each carbon, brush placed diametrically 
opposite each other, whence the current is led to the two plugs. It is im- 
portant to note that two non-effective sparks are produced immediately 
after the effective sparks, in the case of the 180 degrees engine, these 
occurring at the beginning of one exhaust stroke and the end of another. 
In the case of the 360 degrees engine a non-effective spark occurs in 
' between • the .-effective sparks. 


.Protection of Magneto from Wet and Dust 

The latest types of magnetos are made thoroughly waterproof and also 
dtistproof. The want of efficient protection was responsible for tem- 
porary breakdowns with the earlier types, owing to leakage' of the 
high-tension current. On the latest magnetos all joints are hermetically 
closed by special watertight packing, and the terminals are similarly 
protected, and, therefore, no amount of wet or dust can interfere with 
the efficient working of the machine. * 
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Dual Ignition Coil and Engine Starter 

The svstem illustrated enables an engine t° be started^ from 
by pressing a button on the farting^, ^"' ^^e magneto lo bf 
plugs is required, and •'Witch “'been started on tie coil and 

brought into circuit after the engine, has _ contact-breaker on the 
battery. The Thf improSe event of 

S«.“farTSS" l J ^”.i, tom at ™ 


effective. 



Auxiliary Magneto for Starting 

An alternative svstem to dual ignition consists in the provision of a 
small high-tension magneto, but made without a distributor. The arma- 
ture of the machine is geared up about four to one, .and is rotated by 
a handle. A conneetion is made from the armature to the distnbutor 
of the main magneto, which has a special carbon brush holder provided 
This is the only alteration required. This arrangement ensrnes that 
on6 of the cylinders, with the piston in a favourable position far 
starting, will be in contact with the auxiliary magneto, and, therefore, 
a partial turn of the handle of' the latter will ensure a start, ^ dupli- 
cate drive to the auxiliary magneto can be made by fitting a 
flexible shaft and simple piece of gearing to the engine-starting, handle, 
thus facilitating a start, should it be necessary to turn the engine 
round to induce a charge of explosive mixture into the cylindeis. 


The Magneto Switch 

Although this is not indispensable a magneto is always provided 
with, a special terminal, which can be connected up by a wire to a 
switch. It is not a necessity for control, as an engine is not controlled 
by cut-tiny off the ignition, but in some instances it is useful to be able 
to switch & off, as when using the engine compression as a brake or to 
stop the engine whilst leaving the throttle full open, so that some 
of the cylinders will retain a charge of explosive mixture and enable 
an easy start to be made. A magneto switch temporarily shoit cir- 
cuits the armature windings, so that the make-and-break mechanism 
has no effect and no spark is generated, . 


Safety Lock to Switch 

Probably the most useful advantage of a switch is that by locking 
it in the “off” position it prevents unauthorized use of the car, as 
the engine cannot be started. Magneto switches are now often 
provided with a lock. 


Automatic Advance 
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Principle of Automatic Advance Magnet© 

.As distinct from the ordinary magneto with a fixed timing point, or 
that with the usual variable timing arrangement controlled by the 
driver, there are a number of special machines by leading makers in 
which the timing is effected automatically, and a maximum intensity 
of spark assured for any given engine speed. This result is obtained 
on some machines by combining a centrifugal device or governor with 
:th : e -armature, ' Avkich\emures that: at all speeds the contact breaker of 
the magneto will operate at the point of maximum efficiency, as well 
as at the correct time with regard to piston position* 

The Two-cylinder Magneto 

Thehnagneto for firing a two-cylinder engine is not so easy to under- 
stand with regard to the timing of the sparks as the single and foisr- 
cylinder types. Two-cylinder engines are made with different crank 
systems, one being set at 180 degrees and one at 360 degrees. In the 
former two explosions follow in succession, and then there is a long 
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interval till the next two explosions. In the 360 degrees setting the 
explosions occur at equal periods. The same type of magneto does for 
each engine, the difference being only in the speed it is driven at. In 
tlm 186 degrees engine it runs at the crankshaft speed, and in the 
360 degrees it runs at half crankshaft speed. The distributor is 
mounted on the armature shaft of the magneto, and takes the place of 
the usual slip ring and consists of a half -circle sector of metal, which 
:hiakes ; contact; alternately with each carbon brush placed diametrically 
opposite each other, whence the current is led to the two plugs. It is im- 
portant to note that two non-effective sparks are produced immediately 
Rafter; the, effective; sparks, in the ease of the 180 degrees engine, these 
occurring at the beginning of one exhaust stroke and the end of another. 
In the case of the 360 degrees engine a non-effective spark occurs in 
between the effective sparks. 

Protection of Magneto from Wet and Bust 

The latest types of magnetos are made thoroughly waterproof and also 
dustproof. The want of efficient protection was responsible for tem- 
porary breakdowns with the earlier types, owing to leakage’ of the 
high-tension current. On the latest magnetos all joints are hermetically 
dosed by special watertight packing, and the terminals are similarly 
protected, and, therefore, no amount of wet or dust can interfere with 
the efficient working of the machine* 
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Ratio of Armature Speed to Engine Speedy 

A magneto mist bo positively break' must synchronize 

because the armature movement an ^ * T ’ kfa a typical example ot 
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Engine, Number of Cylinders. 


Revs, of 
Magneto 


to 


Engine 
Crankshaft. 

1 

2 (U cranks are set at 180 degrees.) . 

Of cranks are set at 360 degrees.) 

3 

4 | 

6 0 

8 2 


4 

2 
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Restoring Strength of a Magneto by Remagnetizing 

sSsassM^si 

U^of'Meta^bf.W. r“ry a "«iouB and interesting property. 



Illustrating principle of mag- 
netizing a U-shaped piece of 
steel or iron by circulating a 
strong current round it. Ihe 
direction of current and polarity 
produced are also shown. W ltn 
a U-shaped hardened piece of 
steel the magnetism produced 
is permanent, with soft iron the 
magnetism only remains so long 
as the current is flowing, Inis 
makes a temporary or electro- 
magnet. 


It resides only on the surface of the steel, and it is found that a much 
stronger magnet is obtained, weight for weight, by maknm it m sec- 
tions,” one placed over the other, than in using a massive single magnet 
Most magnetos have three magnets superimposed, some have fom . bo t 
steel is easier to magnetize than hard steel, but the former loses it 
quickly if submitted to vibration. The hard steel magnet loses i its 
magnetism very slowly, although the magneto has, as a matter of 
course, to withstand much vibration from the engine, etc. Any stan- 
dard type of magneto should show . very little loss of strength fo 
five years, but after this period it is as well,, though not an actual 
necessity, to have the magnets brought up to maximum strength 
again. In all cases the makers or agents can do this with very little 
delay and at small cost. The magnetizing process requires the use of 
a po'werfnl electro-magnet, across the poles of which the steel magnet 
to be strengthened is placed, so that opposite poles are always in 
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Special Type of Magneto 


Magneto With Uniform Intensity of Spark 

The ordinary magneto, as the previous descriptions will have made 
clear, has rigidly fixed magnets and pole pieces, and consequently the 
field of force is always in the same position relative to the armature. 
This means that wlien the spark is. advanced or retarded by the 
angular movement of the contact breaker the actual break of the 



Relative positions of pole pieces and armature in 
fully advanced and retarded position, showing that 
the “ maximum position ” is not altered. 


armature circuit takes place at a varying position of the magnetic field, 
and consequently the intensity of the spark varies. At the fully- 
retarcled position it tends to 'be weak, and when fully advanced it 
attains its greatest strength. Obviously the spark intensity should 
always be the same, especially as for starting it is necessary to retard 



Mea magneto: 1. Cover. 2. Armature and distributor unit. 
3. Complete machine. 4. Movable bell-shaped field magnet. 


the spark to avoid risk of a backfire- or sudden reversal of the starting 
handle and injury to the operator. In the " Mea ” magneto the design 
is such that the magnetic field can be moved round simultaneously 
with the contact breaker so that the armature is always in the same 
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Magneto Sparking Plugs 

;|).0'Sitiow;^ ; relative; : tO" the field when the break occurs. This effected; 
by having a bell-shaped magnet mounted horizontally, the axis of the 
armature* and the magnet coinciding. As the contact breaker is moved 
so also is the magnet to a similar amount, and the residt is that the 
spark is of ample strength at the retarded position even allowing for 
the slow speed of rotation. This bell-shaped magnet, it is claimed, has 
some other advantages over the ordinary U-shaped magnet, inasmuch 
that it can hold a greater amount of magnetism and retain it at full 
strength for a, longer period. The range: of advance and retardation on 
this magneto is 40 degrees. The armature and distributor are mad© 
practically oil the lines of the standard magneto with fixed magnets. 


Care of a Magneto 

It is almost an axiom nowadays that a magneto works best when 
it is left alone. At most it may require attention every 3000 miles of 
running. The magnets of the machine will — unless roughly handled 
—keep their strength for three to six years. Stated briefly, the 
attention a magneto requires is confined to the following : — (lj The 
raake-and-break, the platinum surfaces of which must be kept 
well trimmed, carefully adjusted, and cleaned free from any oil, 
grease or dust, (2) The carbon brushes, two or more of which are 
used to collect the current from the armature and transfer it to the 
distributor. These brushes are liable to become clogged up with grease, 
or the springs may not act satisfactorily. [3) The ball bearings of the 
armature and distributor mechanism require periodically lubricating, 
and attention should be paid, to the details given on this matter by the 
makers. (4) The connecting wires from the distributor to the plugs 
and also those joined to the switch, where such is fitted, must be ex- 
amined occasionally to see that they are securely attached to the r*espec* 
live terminals’, and that none of the insulation or rubber covering has 
become damaged or scraped off. Sometimes a loose wire will chafe 
against some adjacent metal work, and, with the insulation cut through, 
a short circuit (which may be either of an intermittent or permanent 
character) ensues. (5) The condition of the sparking plugs is very im- 
portant. Faults may develop between the insulation and the metal shell. 


A Short Circuit at the Sparking Plug 

A short-circuited sparking plug is a possibility. It is solely the result 
of a small thread of metal, from the electrodes, lodging across the gap 
and preventing the spark from jumping. The heat of the magneto spark 
is so great that the fusion of the metal of the plug points is sometimes 
.caused. If, however, they are of substantial proportions, this rarely 
occurs. If a short circuit takes place between the electrodes, it can 
easily be removed by a thin knife blade. 


Setting the Plug Points 

The best magneto plugs have heavy multiple sparking points of nickel. 
The adjustment or setting of the points is an important matter. The 
gap should not exceed l-50th of an inch, or half a millimetre. The 
reason for this is the comparatively low voltage of the spark at the 
necessarily slow speed of rotation of the armature when starting up. 
It also ensures that there will be no risk of the spark failing to jump 
the points under the resistance offered by the highly-compressed charge. 
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A large gap between the plug points would tend to strain the insula- 
tion of the armature, that is the resistance at the sparking-plug, gap 
under high compression would be so great that, a spark might pierce 
the armature insulation and so pass to. “ frame.” But taking a mag- 
neto as made nowadays, the care taken with the insulating of the winding 
is such that only very unfair treatment will cause a breakdown. 



Showing general construction of Sparking plug having a steatite 

an ordinary porcelain insulation insulator, welded by means of 

sparking plug. A modification enamel to metal body. The 

sometimes introduced is to re* central electrode is very mas- 

cess the end of the porcelain and sive, and the insulating sleeve is 

give greater insulation surface. of considerable length. 


Details of Sparking Plugs 

The sparking plug, as already explained, is a device for causing 
the ignition of the charge by an electric spark in the cylinder. It is 
made up of several parts of metal and porcelain or other insulator. 
The general construction is a metal shell or barrel which screws into 
the combustion chamber of the motor. Into the shell is fitted, perfectly 
gas-tight, by the use of copper asbestos washers, a porcelain, mica or 
steatite insulating core, through the centre of which passes a wire or 
rod terminating at one end in a sparking point or “electrode,” and 
the other end is provided with a connecting screw or terminal for the 
high-tension wire from the magneto to be attached. The central elec- 
trode may be surrounded by several electrodes in connection with the 
outer metal shell or body. The electrodes are made either of pure 
nickel or nickel -steel containing 25 per cent, nickel. Platinum is 
sometimes used. 

Although all sparking plugs are constructed on very much the same 
principle, there are various minor modifications introduced in different 
makes. Thus many types have some device for protecting the points 
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of the plug from lubricating oil thrown up by the piston, which would 
tend to produce a “ short circuit ” from carbon or soot deposit. Others 
are made with easily detachable parts, so that, in the event of one of 
them (such as the insulating core) becoming damaged, it is easily re- 
placed at less cost than that of a complete plug. The standard thread 
lor sparking plugs is 18 mm. diameter, 1.5 mm. pitch, angle of thread 
60 degrees. Plugs are now made of varying “ reaches,” as it is found 
that some engines give better results if "the sparking points reach 
further into the cylinder than the normal length of plug allows of. 
The theory is that the spark comes into more immediate contact with 
the mixture. 


Cause of Plugs Sooting-up 


Sparking plugs give very little trouble nowadays. Any standard type 
with ample insulation and stout electrodes may last for years, and only 
require occasional cleaning and adjustment, of the electrodes. The only 
likely faults to occur are excessive sootmg-up, due to running on an 
over-rich charge or inferior fuel. Having too much oil in the engino 




Details of construction of a sparking plug with Bosch one-piece plug, 

mica insulation, which is unbreakable. By this 
system of construction the components can be 
taken apart for cleaning or renewal. 


also may foul the plug. A crack in the porcelain may occur and put 
a plug out of action, but it is a rare* occurrence. A few spare plugs 
should, however, always be carried on the car, as it is then easy to 
replace a defective one. 


Increasing Power by Duplex Sparking 

The ignition of the charge at two or more places in the combustion 
chamber of the engine will, within certain limits, ensure a more rapid 
combustion of the mixture, and this should tend to increase the power 
developed. Duplex sparking is generally used in high-speed work, such 
as track racing. The important factors in obtaining greater speed and 
power are that the sparks must occur mathematically at the same instant 
and must take place within the pure mixture ; thus, it would not do 
to have one spark occur near- the exhaust valve, as the mixture in 
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the vicinity of it is diluted with burnt gas. The plugs must also be 
connected tip properly. 

In the parallel connection the current from the coil or magneto 
terminal is divided into two circuits. It has been proved that there 
is no advantage in this method of connection ; in fact, two plugs so 
connect ed will often give worse results than a single plug, and this is 
obviously because the two plugs do not synchronize in the firing 
moment' and also because the current when divided between two plugs 
will not necessarily give as good a spark as when concentrated across 
one pair of electrodes. The series connection, which is the correct 
one, is entirely different, and, providing that the current has sufficient 



Sparking plug connectors enabling the high-tension cable to be attached or detached - 
without any risk of the operator receiving a shock. The cable end is secured in the 
manner shown in the section. The connector is made of special insulating material. 

voltage to jump across two gaps, the sparks are bound to 
synchronize. This cannot be effected with an ordinary coil and plugs, 
as two high-tension terminals are necessary to form the complete 
independent path for the secondary. But by using a duplex or double- 
pole plug connected in series with an ordinary "single-pole plug two 
perfectly synchronized sparks can be obtained from an ordinary coil. 
It is important to make the spark gaps quite small (l-50th inch is 
correct), as the additional spark gap adds increased resistance. 

Special Two-spark Magneto Necessary 

The practice of using two sparking plugs connected in series, although 
practicable with a coil, is not one that can be recommended with the 
standard type of magneto, the reason being that the resistance to the 
high-tension current offered by the extra plug puts more strain on the 
insulation of the magneto than it is intended for. There is, however, 
a special magneto obtainable for this purpose, which can be used with 
safety. In this case two ordinary plugs can be used. The makers 
point out that the advantage of two-spark ignition is very slight, unless 
the plugs are a considerable distance 'apart, but, given favourable con- 
ditions, the improvement in power is very marked. 



, Construction - of Accum uiaiors 
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Coil and Battery Ignition System 

The universal adoption of the magneto renders any lengthy descrip 
tion of the coil system now unnecessary. It is referred to, however, 
in view of the fact that it may still be found on second-hand, cars, 
although it pays as a rule to have a magneto fitted. _ The coil-and- 
battery system may be divided up into several modifications. The 
original system is that of a single coll and contact breaker. A later 
development was the introduction of the trembler coil, one advantage 
of it being that easier starting of the engine was obtained. The single 
trembler coil was introduced as an improvement on this, as the difficulty 
of adjusting a series of tremblers was thereby overcome. The single coil 
working through a high-tension distributor was an improvement over 
the single -trembler, multiple coil, because it was a simple matter to 
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Ordinary grid used in accumulators. The spaces are filled with oxide 
of lead or “ active material.” 


adjust it and it was much more compact than a range of separate coils. 
Special forms of coils have been introduced from time to time, amongst 
which is a coil giving a very intense and detonating spark and with all 
the features of the magneto spark. 

The Accumulator or Battery 

consists of a set of lead grids or frames, filled solid with oxides of 
lead, these plates being immersed in dilute sulphuric acid contained in 
celluloid cases, so that the condition of the interior can be readily seen. 
The accumulator has to be “ charged ” from some source of continuous 
current — usually a dynamo. Certain chemical changes take place in 
the constitution of the plates which enable a current to be drawn 
from them at will. When all the chemical energy stored in the plates 
h converted back into electricity, the battery is said to be “ dis- 
charged but it can be re-charged again by sending an electric 
current into it, when the chemical . change is produced again. The 
operation can be repeated any number of times. The plates are dif- 
ferent in colour, the positives (lead dioxide) being a deep chocolate 
colour, and the other set, the negatives, being grey (pure lead). The 
terminals or. the case are for connecting up. The* terminal connected 
to the positive plates is, as a rule, painted red to distinguish it, and to 
be able to connect up properly. A plus mark (+) denotes the positive 
connection. 
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Standard type of 4-volt igni- 
Sioito, consigns 

of two cells each ot 2 jolts* 
connected in “ series ' (or 
positive to negative), in 
each cell there are three 
positives and four negatives. 
Sach set of plates is con- 
nected across as shown, 
thus making one large plate 
of each set. 



A tliree-cell solid or block accumulator giving G volts. 


The Block-type of Accumulator 

Although the standard type of grid or Lock'cell,^ 

far the most extensively used, a fat 1 i , 1 . , t cons ; sts of a 


held in a »rt ot hame. however, it is made in 

left more or less uncharged for a much longer period without tne ill- 
effects of sulphating taking place than a plate cell can. 
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. The Ignition Coil 

The fundamental purpose of a coil is to intensify or increase the pres- 
sure of the current from an accumulator or dry battery to many thou- 
sands of times the original voltage. The battery may give four m 
six volts only, but by passing it through the coil it is increased to some- 
thing like 2S/GOO volts. The valuable characteristic of this high- voltage 
electricity for ignition is that it can jump across an air gap or break in 
the conductor a certain distance. For an ordinary , ignition coil this 
distance would be from f in. to £ in. in air at atmospheric pressure of 
14.7 lb. to the square inch. In air or explosive mixture under a com- 
pression of 80 lb. to 100 lb. per square inch the distance that the spark 
can jump is greatly reduced, about -/ 0 - in. being the . maximum distance. 
The* usual sparking-plug gap is not more than 1-32 in. for coil ignition. 
The construction of a coil is extremely simple. There are three chief 
parts, viz., a core or compact bundle of soft iron wires. Over this is 
wound neatly two layers of fairly thick insulated copper wire (the 
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Arrangement of windings of 
a trembler coil. The three 
terminals on left connect up 
— Top to battery, centre to 
sparking plug, lower to con- 
tact breaker. 


gauge is usually No, 16 or 18 standard wire gauge). Over this winding 
which is named the ‘‘primary/’ are wound from 15 to 20 layers of very 
fine insulated copper wire, usually No. 40 gauge. Every layer, both 
“ primary- and secondary, is separated by a layer of waxed paper or 
some special and thin insulating material. 

The secondary winding* has no actual connection with the primary, its 
two ends being, in effect, joined to the sparking plug so that the com- 
plete circuit has- to be made across the gap between the plug points. 
The primary winding is connected to the accumulator or battery, not 
directly, but through a contact breaker and a trembler or vibrator." The 
purpose of the contact breaker is to “ time ** correctly the flow of 
current through the coil to produce the spark exactly when the ignition 
of .the. charge in the engine is required. The vibrator is a small attach- 
ment on the coil itself, which is operated by the magnetism of the core, 
and its object is to produce a very rapid and intermittent interruption 
of the current as it flows through the coil. The result is that the 
electromagnetic induction or influence, acting from the primary wind- 
ing, generates a high-voltage current in the secondary winding "just for 
so long as the contact breaker and trembler are in action. This, how- 
ever, only lasts for a very brief fraction of a second. The complete 
theory of the coil is much more complex than the above description 
would convey, but sufficient has been stated to impart a working" idea 
of the principle. 
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Contact Make and Break. High-tension Distributor . 

The coil system requires some means of sending current into the coil 
at the correct time ; in the ease of a four-cylinder engine this is twice 
per revolution of the crankshaft. This is effected by what is practically 
a rotating switch driven by the engine. Numerous types of contact 
make-ahd-break devices have been at one time or other introduced, but 
if one has to be used nowadays it is usually a type known as the roller 
pattern, which is as reliable- as any and works with a minimum of 
friction. It consists,' briefly, of an aluminium ease of shallow and cir- 
cular shape. Inside this is a ring of insulating material, in which are 
fitted, flush with the surface, four steel segments, and these are placed 
exactly, ea ni -distant. : To each segment is attached a terminal, which is 



Trembler coil of the detachable Unit type, any coil can be 
taken out for separate adjustment of the trembler. 


connected to the coil. Mounted on a central axis is a metal arm that 
carries a steel roller, which presses firmly on the metal segments. A 
spring adjustment ensures that the contact will always be maintained. 
The roller touches each steel segment in turn, and, a-s it forms part of 
the circuit, it will be obvious that it makes the desired contact at the 
correct times. The roller arm is usually attached either directly or in- 
directly to the camshaft of the engine, and thus, as it revolves at half 
the engine-shaft speed, it completes the four contacts in two revolutions 
of the engine. This device is kept lubricated, and there is very little 
wear and tear. The distributor does not differ greatly from the contact 
maker in principle, except that it is designed to distribute high-tension 
current to the sparking plugs from the coil at the correct time. The 
segments are usually insulated in a vulcanite ring or disc, and instead 
of a steel roller pressing firmly on them, the rotating metal arm carries a 
carbon brush, which presses very lightly on the segments. The con- 
struction is, in fact, practically the same as that of the distributor fitted 
to a standard magneto. 

The Alklum Accumulator 

This type of battery differs very considerably from the standard lead-' 
sulphuric-acid battery just described, and has several distinctive advan- 
tages. It does not contain any lead or dilute sulphuric acid, and the 
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Charging Accumulators 

case or cell is of indestructible steel instead of the usual fragile .cellu- 
loid, vulcanite or glass used. For a given capacity it is much lighter 
in weight than the lead 6ell, and its durability under the severe con- 
ditions of charge and discharge is very high. There is no deterioration 
of the plates or electrodes possible, and it can be charged at a very 
rapid rate without injury. As opposed to the dilute sulphuric acid, of 
the lead cell, the liquid used in the Alklum battery is a dilute solution 
of caustic potash. This liquid is harmless to metal, and, therefore, the 
terminals and connections are not liable to corrosion. Instead of lead 
grids filled with peroxide of lead, the positive plate is made up of. 
oxyhvdrate of nickel with a certain proportion of graphite, and the 
negative plate is mainly composed of cadmium and iron alloy. The 
voltage per cell is 1.2 volt, as compared with 2 volts for the lead 
cell. The voltage remains quite steady practically right up to the point 
of complete discharge, and in this respect it has an advantage over the 
lead cell, which, under heavy discharge, falls from 2 volts to 1.8 volt. 




Combined 
“rubbing” and 
“raake-and- 
break ” contact. 

The platinums 
when pressed to- 
gether slide across one another to a 
small extent and clean each other. 




Simple “ rubbing or wiper” contact for 
trembler coil. 


The .Charging of Accumulators 

The recharging of accumulators is best done at ,a large garage or 
repair shop as, usually, these are properly equipped for the work. 
Home charging of accumulators is not done so much now as it used 
to be ; as it is rather slow and expensive. The universal use of metal 
filament lamps in domestic lighting nowadays makes it a less con- 
venient process than formerly; as the current obtainable through any 
individual circuit is comparatively small, and this means that more 
lamps have to be used in the charging circuit. It is important to 
remember that charging can only be done from continuous and not 
from alternating current, as the latter requires special appliances. 
Assuming, however, that it is desired to do the charging from a 
domestic supply, . the simplest method is to “ tap ” the current at a 
switch. The cover should be taken off one of the switches controlling 
a group of three or four lights and the handle put in the off position •. 
It is then necessary to find out which is the positive terminal on the 
switch. To do this, connect two lengths of insulated wire (bell wire 
will serve), one to each connection of the switch. Clean the other ends 
of the wire bright, and hold them apart in a glass of slightly acid or 
salt water. The wire connecting to the negative pole of the switch will 
give off bubbles of gas. Instead of this method “pole-finding” paper 
may he used. This is wetted, and the wires laid on but not making 
contact with each other. The negative pole is indicated by a red mark 
on the paper. It is only necessary to join this wire to the black ter- 
minal, and the other wire to the red terminal of the accumulator, and 
leave on for a sufficient number of hours to complete the charging. The 
lamps will- remain alight, and with no very appreciable loss of bril- 
liancy. It is important to note that the handle of the switch must 
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be ot a definite candle-power to suit the ■ “ charging rate ot the colls. 

, • „ t i,„ ,.1'or.rino- When fullv charged, the accaraula- 

a? as rasrtft- 
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holder a fitting known as an adapter, and a couple ot \vudt> ot twin 

flexible conductor. The adapter and lamp i 0 flexible 5 ’ 

as illustrated, the lines indicating one lead of the twm ntxi II. 
The adapter is fitted into the mam lamp holdei , and the lamp i„ m 
serted in the new holder. It only remains to find which »» P°"; 

tive and negative ends of the wires, and then connect up to the 
accumulator as before described. The lamp used would be either an 



Charging an accumulator from 
a lamp holder through a lamp. 
Adapter in position. Carbon 
filament lamps are best 
adapted for charging through. 
This method avoids distuibing 
the switch or other connections, 


Useful form of charging board for 
accumulators of various sizes. The 
lamps can be varied in number or 
candle-power to suit current out- 
put desired. The upper wires con- 
nect to the lighting circuit, and the 
lower ones to the accumulators. A 
magnetic needle form of current 
direction indicator is fitted. 
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Hou) to Store Accumulators 

8, 16/32, or 50 c.p., according to the size of .the accumulator and the 
voltage of the lighting circuit. During charging the vent pings of the 
cell must be removed to release the gases generated during the process. 



Standard 4 pole type of 
small charging dynamo 
as used in repair shops 
and garages. Tire out- 
put of current ranges 
from f> amperes 12 volts 
to 12 amperes 30 volts. 


Yoltage Indicators 


A fully-charged accumulator should show 2.25 volts per cell. The 
fall in voltage down to 1.8 volts per cell depends on the amount of 
charge left in the plates. The use of a sensitive voltmeter will show 
approximately the condition of the battery. Another method is by 
testing the specific gravity or density of the sulphuric acid, which den- 
sity is at its highest when the cell is fully charged, and becomes less as 
the cell is discharged. This is the principle of the glass-bead indicator 
fixed to some cells. The beads are of various colours, and the par- 
ticular number of these that float is a measure of the amount of charge 
left in the cells. 


Storing Accumulators for Long Periods 

(1) If .an accumulator, of standard type, has never been charged, wrap 
it up or store it in a dark dry place. (2) If it is desired to put away 
an accumulator that has been charged for an indefinite period, discharge 
it through a lamp till each 2-volt ceil registers 1.9 volts, then empty out 
the acid and let it dry off, and store as (1). The slight filin' of sulphate 
formed in drying (if "any) will disappear at the first charge. (3) If a 
charged accumulator is to be put away for any period up to six months, 
charge fully, wipe the case perfectly dry, and grease the terminals. 
Store in a dark dry place free from dust. At the end of the time very 
■little, of the charge will have been lost. 

When charging during the time the lamp is required for illumination, 
and to avoid loss of light, a special lamp of from 5 to 10 volts lower 
than normal voltage may be used. The older type of carbon filament 
. lamp- " is-' the. '' .inore ' convenient- for charging through, owing to the 
much greater current consumed per lamp, as compared with the more 
modern metallic filament lamp. This means that a less number of 
carbon filament lamps are required to pass a given. amount of current. 
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Power Transmission Systems 

Before the power developed by the engine reaches the driving wheels 
of the car it passes firstly through a clutch, and thence to a shaft which 
is connected to the change-speed gear system ; from this another shaft 
connects up to a differential gear mounted upon the driving axle or 
rear axle. The clutch, by disconnecting the motor from the trans- 
mission system, enables the motor to be started up easily by hand, 
and allows the power to be transmitted gradually to the driving wheels 
to put the car in motion ; and it also forms a means whereby the power 
can be immediately cut off from the driving wheels of the car when 
required, enabling the driver to have a very effective control over the 
running, and to stop suddenly if required. The simplest type of 
friction clutch consists' of a turned cast-iron drum bolted to a flange on 
the crank shaft. This drum is tapered inwards and a coned boss fitted 
on a key or square on the end of the transmission shaft is arranged, so 
that it can be moved laterally on the shaft and thrust into the drum. 
This coned boss has its face or periphery covered with leather, and when 
pressed home by a spring the friction between the two surfaces gives 
practically a solid coupling; but when not 'pressed hard in, a certain 
amount of slip takes place, allowing the power to be put on gradually. 

Simple fovm of leather-to* 
inetal cone clutch. 

A, Engine crankshaft. 

B, Flywheel and clutch drum. 

C, Leather-covered clutch cone 
or “ internal member.” 

D, Extension of crankshaft 
.with clutch spring mounted 
on it. 

E, Thrust bearing. 

F, Collator actuating clutch. 

G, Pedal arm. 

H, Clutch brake pressing on 
sleeve. This prevents the 
cone “ spinning ” after dis- 
engagement, which would 
interfere with gear chang- 
ing. 

I, Coupling between clutch and 
gearbox. 

The movement of the cone along the shaft is controlled by a simple 
system of levers, which the driver manipulates by foot pressure on a 
pedal conveniently placed.- Another type of clutch now much used is 
the metal-to-nietal or disc variety. Instead of using leather against 
cast-iron, the friction is obtained by forcing a number of steel plates or 
discs into contact, the pressure being obtained by a spring as in the 
former type. . The plates or discs run in oil contained in a metal case.. 
The film of oil on the surface of the plates acts as a cushion when the 
plates are forced into contact, the pressure gradually squeezing the 
oil from the surfaces before positive engagement. * An alternative 
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type of plate clutch has only one plate, hut it is of considerable 
area, Sufficient pressure is obtained' by a simple leverage system. 
Another type of plate clutch lias a leather or asbestos fibre plate m 
between two metal plates. 


Lubrication ©x Plate Clutches , 

Metal disc or plate clutches are now so well designed that there Js 
rarely any , trouble with them, providing the lubrication is .carefully 
attended to. It is very important to use the class of lubricant recom- 
mended bv the makers of the car. ■ This is generally a special hght- 



Metal-to-metal clutch of the single 
plate type. Pressure is obtained by 
a spring acting through compound 
lever against the plate. 



Leather core clutch of internal 
type having no end thrust, 
sometimes termed an “inverted” 
cone clutch. 


bodied lubricant or a solution of partly saponified oil. In cold weather 
the density of the lubricant has an important effect on the working 
of the clutch. If the oil has thickened the plates may not disengage 
properly, and thus render it difficult or impossible to change gear. If 
such difficulty is experienced, the clutch should be thoroughly cleaned 
out with paraffin, and the case filled to the required extent with fresh 



Metal-to-metal clutch. A large number of tlnn 
plates are used, each pair forming a miniature 
cone clutch. 

Details of clutch. 

Outer dust-proof ease which forms 
oil bath. 

Steel inner core. 

Clutch shaft. 

Sliding sleeve. 

Presser. 

Central control spring. 

Spring adjusting cap. 

Adjuster lock spring. 

Actuator. 

Lock nut. 

Locking device. 

Coned clutch brake, which comes 
into action automatically and 
prevents clutch spinning round. 
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lubricant. The adjustment of the plates and spring may, in course of 
time, require some attention. Provision is always made for this. The 
metal clutch can be “ slipped ” to a- greater extent than a leather 
clutch without affecting the surface of the discs. 


Cone-clutch Improvements 

A few seasons ago it was thought that the metal clutch in its various 
forms would practically supplant the simple leather-to-metal cone clutch. 
In its original form the latter had certain drawbacks, but its prime 
simplicity of construction and the very small amount of attention it 
required to keep it in order have regained for it in a large measure its 
former popularity, and, as a consequence, it now predominates in 
numbers as compared with the metal clutch. - It has also been greatly 
improved, and its early faults practically eliminated . The cone, which 
is usually made to an angle of from 9 to 12 degrees, is constructed of 
pressed steel or an aluminium alloy to reduce the weight as .much as 
possible. This greatly minimizes tlie tendency of the cone to continue 
revolving after disengagement, so that the gear can be changed with 
greater ease. Leather as a covering for the cone has to a large extent 
been supplanted by special asbestos-fabric covering, 'which is hydrauli- 
cally pressed to shape without a join. Unlike leather, it is not adversely 
affected by the heat of friction generated when the clutch is slipped. 
Neither is*it affected by oil or moisture. The modern method of mount- 
ing and centring the clutch are much improved, so that the old-time 
faults, such as noise resulting from inaccurate alignment, do not occur. 
The cone is not always arranged in the original way, i.e., with its 
narrow end inwards, but in some cases the position is reversed. The 
chief advantage is that there is no end thrust from the spring when the 
clutch is engaged. 


The Change-speed Gear — Its Theory 

To enable a moderate amount of engine power to suffice to drive a 
car over every sort of road, including the hilliest parts, which, in excep- 
tional cases, may have a gradient as steep as 1 in 4,* even in this country, 
some means have to be employed to increase the leverage between the 
engine and road wheels in proportion to the steepness of the gradient. 
This function is performed by the change -speed gear. It does not in any 
way actually increase the power available, but enables the car by a 
sacrifice, of speed to climb hills. The gearbox is, in effect, a convenient 
arrangement of levers, which greatly reduces the road-wheel revolutions 
as compared with the engine revolutions. There is, however, always a 
permanent gear ratio or reduction between the engine and road wheels 
arranged in the back axle. This fixed ratio ranges from a 3 t-o 1 to 
4 to 1 reduction for medium-powered cars. The change-speed gearbox 
gives three or four more reductions at will; the lowest of the gears 
and the one that would give the greatest amount of leverage may give 
a 16 to 1 ratio, and tlie road wheels would revolve at l-16th the engine 
speed. This very low ratio would actually only be used as an emergency 
gear. The other three ratios would be approximately : second speed 
81 to 1, third speed 51 to 1, fourth speed (this being the permanent 
reduction in the back axle) 3| to 1. Gear ratios vary considerably with 
the type and power of the car, hence the ratios given" are not to be taken 
as an actual standard. Apart from hill-climbing, the lower gears enable 
the car to be started from rest, the greater leverage exerted easily over- 
coming the car’s inertia; otherwise, to start the car on a high gear 
would, in most cases, stop the engine. The gearbox also contains the 
*< reverse, 5 ' an extra gear, and usually of a very low ratio, which reverses 
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type of plate clutch has oalv one- plate/ but it is of considerable 
area. Sufficient 'pressure : is obtained by a simple leverage system. 
Another; type" of plate clutch lias a leather or asbestos fibre plate m 
between two metal plates. 

Lubrication of Plate Clutches j 

Metal disc or plate clutches are now so well designed that there is 
rarely any trouble with them, providing the lubrication is carefully 
attended to. It is very important to use tile class of lubricant recom- 
mended by the makers of the car. This is generally a special light- 



Metal-to-metal clutch of the single Leather core eluteh of internal 

plate type. Pressure is obtained by type having no end thrust, 

a spring acting through compound sometimes termed an “inverted” 

lever against the plate, cone clutch. 

bodied lubricant or a solution of partly saponified oil. In cold weather 
the density of the lubricant has an important effect on the working 
of the clutch. If the oil has thickened the plates may not disengage 
properly, and thus render it difficult or impossible to change gear. If 
such difficulty is experienced, the clutch should be thoroughly cleaned 
out with paraffin, and the case filled to the required extent with fresh 



Metal-to-metal clutch. A largo number of thin 
plates are used, each pair forming a miniature 
cone clutch. 

Details of clutch. 

A, Outer dust-proof case which forms 
oil bath. 

, K p B, Steel inner core, 

sorter! C, Clutch shaft. 

QgH H \ ; D, Sliding sleeve. 

E, Presser. 

4 P, Central control spring. 

h G, Spring adjusting cap. 

Kp "»i II H, Adjuster lock spring. 

— K, Actuator. 

' M, Lock nut. 

N, Locking device. 

P, Coned clutch brake, which comes 
into action automatically and 
prevents clutch spinning round. 
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Theory of Change-speed Gear 

lubricant. The adjustment of the plates and spring may, in course of 
time, require some attention. Provision is always made for this. The 
metal clutch can be “ slipped ” to a greater extent than a leather 
clutch without affecting the surface of the discs. 

■ ' Cone-clutch. Improvements 

A few seasons ago it was thought that the metal clutch in its various 
forms would practically supplant the simple leather-to-metal cone clutch. 
In its original form. the- -latter had certain drawbacks, but its prime 
simplicity of construction and the very small amount of attention it 
required to keep it in order have regained for it in a large measure its 
former popularity, and, as a consequence, it now predominates in 
3 lumbers as compared with the metal clutch. - It has also been greatly 
improved, and its early faults practically eliminated. The cone, which 
is usually made to an 'angle of from 9 to 12 degrees, is constructed of 
pressed steel or an aluminium alloy to- reduce the weight as much as 
possible. This greatly minimizes tli-e tendency of the cone to continue 
revolving after disengagement, so that the gear can be changed with 
greater ease. Leather as a covering for the cone has to a large extent 
been supplanted by special asbestos-fabric covering, 'which is hydrauli- 
cally pressed to shape without a join. Unlike leather, it is not adversely 
affected by the heat of friction generated when the clutch is slipped. 
Neither is'it affected bv oil or moisture. The modern method of mount- 
ing and centring the clutch are much improved, so that the old-time 
faults, such as noise resulting from inaccurate alignment, do not occur. 
The cone is not always arranged in the original way, i.e., with its 
narrow end inwards, but in some cases the position is reversed. The 
chief advantage is that there is no end thrust from the spring when the 
clutch is engaged. 

The Change-speed Gear— Its Theory 

To enable a moderate amount of engine power to suffice to drive a 
car over every sort of road, including the hilliest parts, which, in excep- 
tional cases, may have a gradient as steep as 1 in 4/ even in this country, 
£-01110 means have to be employed to- increase the leverage between the. 
engine and road wheels in proportion to the steepness of the gradient. 
This function is performed by the eliange-spaed gear. It- does not in any 
way actually increase the power available, but enables the car by a 
sacrifice of speed to climb hills. The gearbox is, in effect, a convenient 
arrangement of levers, which greatly reduces the road-wheel revolutions 
as compared with the engine revolutions. There is, however, always a 
permanent gear ratio or reduction between the engine and road wheels 
arranged in the back axle. This fixed ratio ranges from a 3 to 1 to 
4 to i reduction for medium-powered cars. The change-speed gearbox 
gives three or four more t reductions at will; the lowest of the gears 
and the one that would give the greatest amount of leverage may give 
a 16 to 1 ratio, and the road wheels would revolve at l-16th the engine 
speed. This very low ratio would actually only be used as an emergency 
gear. The other three ratios would be approximately : second speed 
81> to 1, third speed 5-| to 1, fourth speed (this being the permanent 
reduction in the back axle) 3| to 1. Gear ratios vary considerably with 
the type and power of the car, hence the ratios given are not to be taken 
as an actual standard. Apart from hill-climbing, the lower gears enable 
the car to be started from rest, the greater leverage exerted easily over- 
coming the car’s inertia; otherwise, to start the car on a high gear 
would, in most cases, stop the engine. The gearbox also contains " the 
“ reverse/' an extra gear, and usually of a very low ratio, which reverses 
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the direction of the car's movement, the engine itself being non* 
reversible. The same operating lever serves to actuate The several 
forward speeds and also the reverse, so that the control is both con- 
venient and quick. 

£*©ai?b©x Construction 

The fundamental principle of a change-speed gear is that of utilizing 
a system of toothed wheels that can be brought into engagement. ^ These 
wheels are of different diameter and are fixed to two shafts, which are 
respectively the driving and driven shafts. To reduce the speed of the 
driven shaft and proportionately increase its 'leverage, it must have a 
large-diameter gearwheel engaging with or “ meshing 55 a smaller one 



FOUR-SPEED GEAR 

An example of a four-speed gearbox, the third gear being a direct drive. 

The various speeds are obtained by meshing the pinions indicated by the 
converging lines, the third gear is obtained by an internal meshing 
pinion or a “ dog” clutch. It will be noted that there are two gear sleeves 
operated by the selector bars and fonts, the respective sleeve being moved 
to right or left according to the gear desired, thus for the first speed the 
left-hand sleeve is moved over to the right side, bringing it into engagement 
with the small pinion on the countershaft. Moved to the left it gives the 
second speed. The other sleeve gives the third speed on the right, and fourth 
on the left. The reverse pinion cannot be seen, but it comes into mesh 
between the second gear pinions. The illustration shows the application of 
ball, bearings to a gearbox, the countershaft having a centre bearing to keep 
it rigid and free from springing. The lower shaft Is sometimes termed the 
“ primary ” shaft, and the /upper shaft the “secondary” or countershaft. 

The illustration is of a gearbox in plan and the shafts are, of course, side 
by side. It should be pointed out that the indirect geared up. fourth speed 
is nowadays not adopted as a standard, the usual four-speed gearbox having 
direct drive on fourth speed, 

on the driving shaft. By having different diameters of gearwheels 
arranged in sets on the driving and driven shafts, ratios of any required 
value can bo obtained by engaging them in succession. Although the 
gearbox is often contended to be a faulty mechanical device by reason 
of the principle of sliding or clashing the gears into mesh, it works 
remarkably well in practice. At times, and especially if unskilfully 
handled, it is subjected to severe shock; hut it is able to withstand 
such usage largely because the steel the gears are made of is specially 
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touch and durable. Noise and vibration from the gearbox are now a- 
davs practically eliminated owing to the teeth, being cut to a mathemati- 
cal degree of accuracy. Friction and loss of power are avoided by 
mounting the cearshalts on ball bearings and running the gears m a 
lubricant. With a very few exceptions, the earlier form of gearbox, 
known as the 4 £ straight-through type, described m former editions oi 
this book, has been abandoned in favour of the modern selective '.type 
of gearbox. The general construction is briefly on the following lines : 
There are two shafts in the gearbox ; one of these is m line with the 
engine shaft and connects right through to the rear axle. On this shad', 
there is mounted two gear sleeves, each having two gearwheels on it. 



<£ Gate” principle of change-speed gear lever. The long vertical hand lever can 
be moved both endways and sideways in the gate quadrant. The transverse 
shaft carries an arm which can engage one of a series of slotted lugs on the 
“selector ” bars, which have forked extensions which engage the respective 
gearwheel sleeves. Only one sleeve at a time can be actuated; the non- 
operative selector bar is held in position by a spring catch, so that its gear 
sleeve is kept out of mesh. A latch or stop is usually fitted in the gate 
quadrant to prevent inadvertently going into reverse. 


These sleeves can be moved by means of “ forks” laterally on the shaft, 
but they must turn round with it, because the shaft is slotted, the gear 
sleeves having corresponding keys to fit in the slots. Alongside "the 
through shaft is another shaft called the countershaft or layshaft, with a 
set of gearwheels rigidly keyed to it. One or other of The movable 
gears can be made to engage or mesh with one of the fixed gears, and 
thus take its drive from it. The layshaft, it is important to observe, 
is permanently geared to the engine, and the through shaft can, at will, 
be disconnected from the engine so as to take its drive indirectly from 
the countershaft. When none of the lower gears are in use, the 
through shaft is rigidly connected up to the engine by a clutch in the 
gearbox. The several movements of the gear sleeves" that have to be 
made to bring the respective gears into operation will best be followed 
by reference to the illustration and description of a standard type of 
gearbox. 


Gearbox Systems 


77 


Gearbox Improvements 

The standard three or four- speed gearbox has been brought to a 
high state of efficiency. This is largely the result of steady improve- 
ment in the design, but some of it is due to the high grade steels used 
for the gears, which are, given fair treatment, practically indestruc- 
tible. The gate system of operation makes gear changing much 
simpler than with the earlier “ straight-through 55 type of gearbox, 
and the gears are therefore subject to less misuse. A very high degree 
of accuracy in the cutting of the teeth and the use of shafts of ample 
diameter to avoid spring or {< whip renders the gearbox a compara- 
tively noiseless piece of mechanism. 



Illustration of four-speed gearbox, designed on the selective gear principle. 
The fourth speed is indirect, the through or direct drive being on the 
third speed, obtained by moving left-hand sleeve further to left moving 
it to the right to mesh with countershaft pinion gives the second speed. 
Moving the next sleeve to left gives the first speed, and to right gives the 
reverse. The fourth indirect gear sleeve is on extreme right, and is 
moved to the left and engages large countershaft pinion. The disc clutch 
arrangement forms a complete unit with the gearbox. 


Other Types of Gearboxes 

Whilst the sliding gear is the type vastly predominating in modern 
car practice, there are some modifications. The chief of these is the 
always-in-mesh gear. The principle adopted is to have the respective, 
gearwheels permanently meshed, so that there is no risk of damaging 
the teeth by the usual act of sliding them into engagement. Obviously, 
if the gears remain in mesh some means must be employed to connect 
them at will to the shaft upon which they are mounted. This is effected 
by the use of clutches which revolve with the shaft and which, by a 
sliding movement, can be made to grip the gearwheels and thus cause 
the shafts to revolve at the speeds determined by the enmeshed gears. 
Somewhat similar in action is the chain-drive gearbox, but, instead of 
the gears being directly meshed, they are connected by silent-running 
chains. Although this type of gearbox is not used for private cars, its 
success for heavy vehicles makes it a potential future type. 
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Electric ansct Pneumatic Gearbox Operation 

From time to time, efforts have been made to adapt electric or pneu- 
matic methods to do the actual work of changing the gear and thus 
relieve the driver of considerable manual work, as well as ensuring 
a better timing of the change and avoiding risk of damaging the gear. 
The use of electric and pneumatic installations for starting the engine 
has again' brought forward the question of .the application of the same 
force's ' to operate the change-speed gear/ and, in . fact a small number 
of cars have ‘some such system. Of the two, the electric principle is 
: the' ' more promising,'- owing -to. the ease ' with which the energy cam, be: 
applied. The basis of operation is the use of a series of solenoid electro- 
magnets, which, by powerful attraction on an iron armature, causes the 
movement of the striking gear that puts the respective gear sleeves into 
operation. The driver controls the various changes of gear by a series 
of small switches on the steering wheel, 

Principle of Epicyclic Gearing 

The principle is entirely different to the sliding gear, and is the 
more mechanical system. Although at present the sliding gear is 
universally adopted, and several well-known epicyclic gears have dis- 
appeared as standard productions in deference to the demand for the 
sliding gear, it is always a possibility that the epicyclic gear may be 
revived. An important advantage of this system is that the gear- 
wheels are always in mesh, thus avoiding the risk of damage. Changing 
gear is effected by tightening a brake-band (or some similar device) on 
the gear, whence it is evident that the operation can be carried out 
without jar or shock and without noise. It will also be noticed, since 
there is no need to wait till certain parts have stopped revolving or 
slowed down to effect the change gently, that this can be done instan- 
taneously, so that the car will not have lost its speed to anything like 
the^ extent it would with sliding gear. The epicyclic gear, if well 
designed, can be enclosed in quite as small — in fact, smaller — space as 
the sliding gear. The principle of these gears is “ holding or releasing 
different parts of a gear always in mesh.” This may sound somewhat 
difficult of comprehension, and, inasmuch, as seeing is more to bo 



depended upon than hearing, so a diagram explains much more simply 
than a written statement what takes place. R is a ring with teeth 
cut on the inside (1), P is a toothed pinion keyed to the engine 
shaft, while A is an arm revolving on that shaft, but "not 
keyed thereto. This arm (A) has a short axle at its extremity, 
which carries another pinion (B) gearing with the internally- 
cut ring (R), as well as with central pinion (P). Now, suppose P to 
turn round once with the engine shaft" in the direction of arrow ; R, 
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at the same time,, being held fast by a brake-band. Since P turns in 
this, direction it is evident that B must turn in the opposite direction., 

: as indicated: by the arrow within B. . .Consequently, ■ IPs. teeth pressing 
against those of R (which are stationary) will, tend to make B move 
along the inside of R in the direction shown; this will, of course, 
compel the arm (A) to advance in that direction also, as shown by 
another arrow. . 

.As stated, P is keyed to the engine shaft, so., coupling the arm (A) 
to the road wheels by'' a.. clutch or other suitable means, we sJiall .get A 
moving the road wheels, at "a certain speed. This gives the first speed. 

If 'now the. brake-band oil R be loosened, and the -wheels comprising: 
'.the. gear are, clamped or locked .together, the". whole :- will, revolve 
ell' bloc-' in ..the. same direction and at the same speed as the engine .shaft. 
This is the second, and highest, speed. Again, if the arm (A) . be 
disconnected from the road wheels and prevented from revolving 
(2) — P fitill turning in the same way — B still revolves in the opposite 
direction, as shown, and the teeth on B, pressing those on the inside 
of B, will cause R to revolve in the opposite direction to P, and also 
in the opposite direction to that of the two previous occasions. This, 
then, if R be coupled (similarly to the manner in which A was before) 
to the road wheels, gives the reverse. It will be seen that this single 
train of epicyclic gear obtains two speeds forward and a reverse 

Spherical form of universal joint, A 
sphere slotted at right angles serves 
to connect the forked ends of the two 
shafts. This type provides much 
greater wearing surface, with smoother 
action, than the older forked type. 


Propeller Shaft, Universal Joints and Torque Tube 

The newer, after passing through the gearbox, is thence trans- 
mitted bv a propeller shaft fitted with flexible couplings or universal 
joints. This enables the power to be transmitted from the gearbox 
to the driving axle, the universal joints allowing the shaft to move 
up and down with the varying movements of the driving axle caused 
by the inequalities. of the road surface. In the simple or “star” type 
of universal joint the ends of the shafts are provided with -forks, in 


Ordinary star form of universal joint. 

which are fitted cross bolts, the centres of these bolts being pivoted in 
similar forks at the ends of the driving shaft of the gearbox and back 
axle. This system is sometimes termed a “cardan” shaft drive. 
There are many modifications of it in design. One usual arrangement 
is to encase the shaft in a sleeve. When uncased the joints are pro- 
tected by leather covers. When the shaft is enclosed in a sleeve the 
latter is known as a torque tube because it serves to resist the torque 
or tendency to twist round of the rear axle. It also takes the “thrust” 
froni the road wheels to the frame of the car to which it is anchored. 
This type has a universal joint at the gearbox end only. 
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Leather Uniirersal Joint 

Formerly used for auxiliary purposes, this is now being applied to 
cars of small and medium power for transmission, and is giving satis- 
factory results. In practice it- is of very simple construction, and as 
there are no metallic parts in it subject to wear it is very smooth and 
quiet in working. Moreover, it- provides an ample degree of flexibility, 
and it can be easily disconnected. It. consists of two discs of leather 
placed together and of a thickness and diameter found suitable^ to the 
power to be transmitted through it. For a small car it may be § in. to 
J- in. thick, and from 7 ins. to 9 ins. in diameter. The two drive shafts 
are attached to the leather disc by a three-armed plate, one bolted on 
each, side of the disc, but with the arms of the respective plates set 
equi-distant from, each other instead of directly opposite, thus taking 
the drive through the leather and obtaining the necessary flexibility. 



Leather disc type of universal 
joint. 


Rear Axle Construction 

The rear axle is the most important part of the transmission, as it 
carries the greater proportion of the weight of the car, and at the 
same time transmits the power to> the road wheels. It also has to take 
the strain of the brake action. The outer casing is a fixed tube sup- 
ported by the car springs. At each end are arranged ball bearings. 
The power axle proper which transmits the drive is made in two parts 
connected in the centre by a differential gear, and at the extreme ends 
the road wheels are keyed. Ball bearings are arranged at the several 
places shown to reduce the friction. There are also provided two 
stiffening or tie rods below the axle case to prevent it bending under 
the stress or load. The dead weight of the car is borne by the outer 
casing of the axle. 

There are several methods of constructing the casing of a rear axle. 
It can be built up of steel tubes and forgings brazed or welded to- 
gether, but the best combination of lightness with strength would 
appear to be the use of steel stampings, the axle being made in two 
halves bolted throughout its length. ~ 

Combined Rear Axle and Gearbox 

This practice is now applied to a number of the smaller and medium- 
powered cars. Formerly the system had the disadvantage of adding 
greatly to the unsprung weight, but modem methods and materials 
have greatly reduced this. It provides greater simplification in. con- 
struction and perfect alignment' of this part of the transmission, and as 
the gearbox is quite removed from the frame it is found that gear noises 
are much reduced. The control of the gears is effected by rods ex- 
tending from the usual gear lever position. 
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"Theory of Differential or Balance Gear 

This can be followed from the '.diagram of a very elementary form 
of the gear. Part A is the bevel driving pinion and shaft (connected 
to ermine via the gearbox and clutch), B is the large crown bevel wneel 
driven bv pinion (A). This crown wheel is bolted to a. box or casing, 
which carries a bevel pinion (E), free to move on its centre. It gears 
simultaneously with two other bevel pinions (0 and D), each ox wliicn 
is rigidly fixed to a shaft or axle, driving the road wheels of the car 
(F. and G-.) ; each shaft can turn round in ball bearings (the 



break shown in the shafts is obviously only for convenience of 
sketching, within limited space), but it must be noted that each driving 
shaft is independent, and is only connected by the bevel pinion (E). 
The outer casing, beyond the fact of it serving to carry pinion shaft of 
A, need not be considered in the working. If the car be travelling in 
a straight line, the differential box, with pinion (E), turns round 



The power from the engine is 
transmitted at right angles to 
the rear axle and the road 
wheels by means of a bevel gear. 
This consists of a small bevel 
pinion meshing at right angles 
with a similarly toothed wheel, 
bat much larger in diameter and 
known as the crown wheel . The 
ratio of the diameters of these 
wheels ranges from 3>\ to 1 to ki- 
te 1, and this ratio determines 
the “top gear” or direct drive 
of the car. The conical shaped 
box or casing in the centre of the 
crown wheel contains the differ- 
ential gear, The thrust or pres- 
sure between the two bevel gear 
wheels is very severe and this 
thrust-friction is taken by the 
ball bearings which are shown. 


‘‘ solid ” with pinions (I) and C), just as though the crown wheel 
drove the two road-wheel shafts direct. Immediately the car is steered 
so as to move in a. circular direction, say, road wheel (F) has to move 
faster, owing to it taking the outside of the curve, the shaft pinion (C) 
will overrun the differential pinion, and thus allow the road -wheel 




ack axle and triangulated torque tuba 
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shafts to turn at different speeds, although connected and driven hy 
the pinion (Id). The crown wheel (B) ? of course, is turning at constant 
speed. Only a single differential pinion (E) is shown, although, in a 
practical' gear* . three or four would be used, .these being set- equidistant 
around the differential casing. 

Torque Reaction and Driving Thrust 

The outer easing of a rear axle has a strong tendency to turn round 
as the result of the reaction of the driving bevel. This effect is 
resisted by carrying two rods or stays triangle-wise from the bevel gear- 
case to a point on one of the cross members of the frame. In many 
instances the cardan shaft is carried in a large diameter tube hinged 
to a cross member of the frame. The actual thrust or drive from the 
road wheels to the frame, and which propels the car, must be trans- 
mitted by some medium such as the torque tube, or springs from the 
casing of the rear axle. 

Back Axle and Triangulated Torque Tube System 

This method of construction is now much used. It is neat and 
mechanical and makes practically a complete, rigid, and well-protected 
unit of the rear axle with its torque tube. The power-transmission 
shaft is encased in the torque tube, which is bolted by a large flange 
to the rear axle at the bevel drive and differential casing. The torque 
tube gradually tapers, and then finishes oil in a large forked end, which 
pivots on bearings attached to a cross member of the frame. This 
allows for the up-and-down movement of the back axle, caused by the 
inequalities of the road. The power shaft, of course, has a universal 



joint at the free end of the torque tube. The thrust is taken by the 
cross member of the frame. The alignment and rigidity of the system 
is further assured by the use of tie bars, which extend from points as 
nearly as practicable at the ends of the rear axle to a point near the 
end of the torque tube, to which they converge. Thus, what is termed 
a triangulated tie-bar system is obtained, and the rear axle is always 
maintained at right-angles to the torque tube. 

Worm-gear Drive 

The system is used on a large number of cars now, and is coming 
more into favour every year. There is no difference in the transmis- 
sion system, except as regards the drive, as compared with the usual 
.bevel-gear system. In principle the worm drive is a simple arrange- 
ment : the usual bevel gear and pinion are replaced by a specially - 
shaped hollow helical-toothed gearwheel and worm, the latter engaging 



Friction Drive 


in the teeth of the gearwheel, the axes of the two shafts being at right 
angles. When accurately made, .worm gear runs with great smoothness 
and silence. The worm may engage either from above or below the 
gearwheel. The angle of the worm and gear may be as much as 45 
degrees. Th e worm is made of hard steel and the wheel of bronze _ 

The overtype gear offers the advantages of giving a straight-line 
drive from the engine, that is the transmission shaft lias not to be 
set at so great an^ angle as to cause some loss of efficiency. It also 
enables a greater road clearance to be obtained at the transmission 
case of the rear axle. The undertype drive is, however, used to a con- 
siderable extent, a straight-line drive being obtained by setting the 
engine slightly on the slant from the forward end. One advantage of 
the undertype drive is that the worm runs continually in a bath of 
lubricant, which is so essential for this system of transmission. 

A worm-gear drive, when scientifically designed, can show an 
efficiency of 97 per cent, with very little falling off after a long period 
of use. The weight and size of a worm-drive axle are no greater 
than those of .a bevel gear axle for similar power. 



Under-driven worm gear. Top Worm and worm wheel, with 

cover of casing removed. differential pinions complete. 


Friction Driire 

This is the simplest form of transmission applicable to motorcars-. 
In principle it consists of a rotating steel disc of large diameter fitted 
on the engine shaft, and mounted at right angles to it is a friction wheel, 
the rim or edge of which is faced with fibre or compressed paper. The 
wheel is capable of being moved on a key way right along the shaft 
bv means of a forked lever. Sufficient pressure* is provided by a spring 
to bring the disc and friction wheel into close driving contact. The 
countershaft will then revolve at a speed and direction depending on 
the position of the wheel relative to the disc. If at the exact centre, 
the speed will be zero, or nothing, and as it is gradually brought 
farther along towards the edge the speed will increase to a maximum. 

If moved right across to the other side of the disc the motion is 
reversed. By withdrawing the disc out of contact with the friction 
wheel, by means of a pedal or lever, the engine is left running free or 
in neutral gear. The whole arrangement, therefore, comprises a clutch 
and all-speed gear in forward and reverse directions. It is usual, 
however, to have a series of fixed positions for Ihe contact of the 
friction wheel, so that the gear lever can be operated through a 
quadrant* Six or eight speeds can be usually accommodated. 



E-3 


The Motor Manual 



Simple form of friction drive with gear variable from zero to maximum. 


Types of Bearings 

To reduce as much as possible the friction at various parts of the 
transmission system, ball bearings of a special type are adopted. ■ These 
are now fitted to various shaft bearings, road wheels, and to a small 
extent are adopted' for the crankshaft and connecting-rod bearings of 
engine. The illustration (A) shows a standard type of ball bearing. 



Type of ball bearing used for Self-aligning ball bearing. This type runs 

gearboxes and axles, freely even if the shafts be not in true 

alignment. There are two rows of balls 
running in a curved ball race. 


A ring of large diameter steel balls runs between a fixed outer 
steel collar and a rotating inner one, into which the shaft fits tightly.. 
The balls are usually mounted in “ cages,” or else separators are 
fitted between each ball to prevent friction from the balls rubbing 
against one another. These bearings are made with extreme accuracy > 
and run with great freedom. They are also exceedingly hard and dur- 
able, so much eo as to be practically unwearable, and thus no means for 
adjustment is necessary. The amount of lubrication required is nothing 
like so great as with a plain bearing, and when well protected from 
dust it requires very little attention. Roller bearings are also used 
to a considerable extent. One form of construction consists of a set of 
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Bearings 



Adjustable ball bearings for front .Roller bearing. for load and 

.wheels taking side thrust and load. ' ' end thrust,' 


hardened steel rollers mounted freely in a metal cage, the shaft passing 
through the interior. The roller , bearing takes the load on a line 
contact, whereas the ball bearing -has point contact. 



The durability of ball and roller bearings largely depends on thorough 
protection from access of grit and water, which quickly cause pitting 
or rusting. It is usual to fill the bearing up with grease, and it should 
be kept in this condition. Particular care should be taken that the 
grease or other lubricant used is perfectly pure, as any trace of acid 
or alkali would cause corrosion. 




CHAPTER VI 

Control Devices : Brakes : Silencers 

The control of a car comes broadly, under several headings : (1) Start- 
ing and stopping, (2) regulation of the speed, (3) steering or direction 
of movement. The actual starting and stopping of the engine are best 
considered apart from the actual control of the car. (1) This is effected 
by the clutch and brakes, both operated by pedal, conveniently placed 
oil the right of the footboard. What may be regarded as the emergency 
brake is operated by a hand lever on the right-hand side of driver’s 
seat. (2) The throttle, admitting more or less of the explosive mixture 
to the cylinders, this partly under pedal and partly under hand control 
on the steering wheel. The change-speed gear, effected by hand-lever 
control, operates in conjunction with the throttle. It provides three or 
four speeds, which enables the engine power to be used to the best 



Car control system in detail. 

advantage, according to whether the road is hilly or level. (3) The 
steering control by hand wheel is so obvious as not to require further 
reference. A reversal of direction of the car’s movement is obtained 
by use of the “ reverse ” speed in the change-speed gearbox and con- 
trolled by the same lever. 

so 
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Hand Throttle Lever : Accelerator Pedal 

The throttle is the main control over the speed and power of an 
engine, as by the use of it the amount of mixture which can be drawn 
into the cylinder is thereby regulated. The proportion of air to petrol 
in the mixture is kept constant bv the carburetter. Control by ad- 
vancing and retarding the spark is only of very limited value. Many 
cars have the ignition timing fixed, as this simplifies the control. In 
ordinary circumstances retardation is only required for starting up and 
to prevent engine knocking on hills. For all average running the spark 
is kept advanced. Some range of timing control is, however, desirable 
.as a. better all-round efficiency can be obtained by varying the spark, 
timing according to the driving conditions. Although an engine can 
be controlled by a simple hand lever on the steering wheel, it is now 
usual to have an additional control by an accelerator pedal, as in the 



Hand lever and accelerator pedal control of throttle. Diagram of 
principle of the arrangement. 


diagram, which clearly shows the arrangement. The speed is set to 
a fixed amount by the throttle lever, and then if more speed or rapid 
acceleration is required the pedal is depressed and the throttle opened 
to a proportionately greater extent. For driving in traffic the pedal 
accelerator is particularly useful by reason of the easy control it pro- 
vides, the throttle lever being set to keep the engine running at a slow 
speed without noise or vibration when declutched. 

In a few cases the pedal is arranged to “ decelerate,” that is, to 
close the throttle to a certain point on depressing the pedal. The use 
of the term “ decelerate ” is open to criticism ; strictly speaking, the 



A usual arrangement of control 
levers on the steering wheel. 
The connections to the throttle 
and ignition, i.e. magneto timing 
rocker, are made by Bowden wires. 


action is only a reverse movement of the pedal. In this case it does, 
in. the upward movement, what it previously did in a downward 
movement. 


The throttle lever movement on some cars enables air to be admitted 
to the cylinders. When the “shut ” position is reached the lever can 
be moved further a small extent, and an air port on the inlet pipe or 
carburetter opened. This provides engine-brake effect without risk of oil 
being drawn past the pistons, as no vacuum is produced in the cylinders'. 
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Brakes 

The .types'' of brakes in use differ considerably ■ in detail, but in 
principle’ conform to either the band or, expanding shoe type. The 
contracting shoe type is a variation of the band type. 

In the simple form of band brake a steel band, preferably lined with 
a special non- charring material composed of woven asbestos and brass 
wire, encircles a metal drum fixed to the hubs of the driving wheels 
The bands are tightened on the drums through the agency of cables 
or rods connected up to the brake lever at the side of the car. 
Another brake is arranged so that it can be actuated by pressing 
down a pedal. This brake is the one which is most conveni- 
ently manipulated. It .acts on the countershaft, and the main oi 
side" brakes are only used as emergency brakes or for holding the car 
on a hill. Rear brakes always have a t{ compensating 59 action ; which 
ensures that the pressure applied by the hand lever or pedal is divided 
equally between the two brakes. This is very important for safety in 
driving, as unequal brake action is .a cause of skidding on greasy 
surfaces. 



Type of countershaft brake with ou tside shoes, pro- Arrangement of internal-expancl- 
Vided with a quick adjustment. The connection to ing. brake. The cam is operated 
the riglit-hand pedal is also shown. from the brake lever. 


Brake mechanism acting direct on the rear wheels is usually of the 
metal-to-metal internal-expanding type in which “shoes;” of bronze 
or cast-iron are caused to press on the interior of a metal drum bolted 
to the wheel, and as arrangements are made for efficiently lubricating 
the surfaces, great retarding pressure can be exerted without undue 
wear on the metal. 

It is not unusual to find a brake of the internal-expanding type used 
for the countershaft, and some makers go so far as to have two metal- 
to-metal brakes working on the same drum, one inside and one outside 
usually, arranged to run in an oil bath, thus ensuring smoothness in 
working with a minimum of heat produced and less wear and tear 
resulting. 

Double Braking on Rear Wheels 

A practice which is extending in car design is the elimination of tho 
countershaft brake and the use of extra brakes on the rear wheels, i.e., 
a pair of brakes acting outside the usual brake drums but operated bv 
a pedal, the side lever operating the internal brakes. This arrangement . 
simplifies the construction and relieves the transmission of brakin'* 


Silencers S3 

Engine, or Compression Braise 

In addition to the ‘friction created in the engine idue to the 
rubbing of the pistons against the cylinder walls, by converting it into 
an air compressor by the simple operation of admitting air, it forms 
an excellent brake, which cannot overheat, as it is wateiv jacketed. For 
this reason, when descending a long hill to avoid risk of overheating the 
main brakes, the lowest gear may be put in action— this will create the 
maximum amount of bearing friction — and it will cause the engine to 
work as a \'ery powerful and smooth acting brake, geared up, as it •is,; 
to considerably more than "its normal rate of revolutions. 


Braking on All Wheels; Biagonal Braking 

What is termed diagonal braking is now used to some extent, and 
this principle has proved a very satisfactory one in preventing, the 
skidding tendency on greasy roads when the brakes are applied. In 
this system a brake is fitted to each of the four wheels j and these are 
all applied simultaneously and with equal force, but the direction of 
the pull on each pair of brakes is diagonal, i.e., from an off-side front 
to a near-side back wheel, and vice versa. 



At, the conclusion of the explosion stroke the gases are, at a pressure 
of about 40 lb. per sq. in., and if ejected directly from the exhaust 
port into the air a loud report would be caused ,* hence it is necessary 
to “silence” the exhaust. 

The principle of a silencer is to provide a chamber or box into which 
the exhaust gases can pass and expand as much as possible before 
coming in contact with the atmosphere. The greater the pressure of 
the exhaust gases the more noise will be made by impact with the 



Concentric tube silencer. 
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air; so, to obtain effective silencing, means must be adopted to diminish 
this pressure as much as possible. This can be effected by having a 
cylindrical sheet steel or aluminium box of considerable capcicity, 
depending on the size of the engine, inside which are arranged banie 
plates for the gases to impinge upon. Or there may be a series of 
inner tubes perforated with very small holes : the expanded gases pass 
through these holes, and thence into the atmosphere at a much 
reduced pressure. One of the simplest types consists of three concentric 
tubes, the inner one being much smaller than the outer one, which forms 
the main expansion chamber. The gases enter by the central tube, pass 
through and strike the curved 'base of the cone-shaped casing, and are 
thus deflected upwards and finally pass into the atmosphere through the 
holes in the outer casing. 



Type of silencer consisting of a series of perforated 
dome-shaped chambers placed one inside the other, and 
which effectually silences the exhaust gases which take a 
zig-zag course through the baffles. 

Illegal Use of Exhaust Cut-out 

A well -designed silencer should offer very little resistance to the 
passage of the exhaust, and it is a mistake to assume that an open 
exhaust obtained by using a “ cut-out ” device increases the power 
of the engine. The use of this fitment on the road is now illegal, 
owing to the. alarm caused by the unsilenced discharge of exhaust 
gases. If used at all, it should be strictly limited to the repair shop 
or motor house, to see if all the cylinders are firing properly. It is 
very important that a silencer should be kept free inside from carbon 
or mud, which, by choking the exhaust, reduces engine power. All 
well-designed silencers can be taken apart for cleaning the apertures 
in the baffle plates or tubes. 

Exhaust Pipe Connection to Silencer 

Although. a silencer may produce a minimum of back pressure it 
may have its advantages more or less nullified if the exhaust pipe 
• connecting it to the engine be not suitably designed and arranged. 
That is to say, a pipe of small diameter having several bends in its 
course to the silencer may offer a lot of resistance to the free passage 
of the exhaust gases. On modem cars this fault is not usually met 
with, the exhaust pipe being at least a-s large as the exhaust valve 
diameter and free from sharp bends. Some of the older cars, however, 
are not well designed in this respect, hence in fitting a new silencer it 
is often advisable to alter the exhaust pipe. 


CHAPTER VII 

Steering Gear, Frame, Wheels and Bodywork 

The Steering System 

The modern system of steering is on standardized lines, ancl very 
little variation will be found in the principles adopted on any make of 
car. The steering column and hand wheel are much more “ raked ” or 
inclined than previously, and as the engine control rods are generally 
taken down the inside" of the column the steering is kept free from 
exterior fittings, and thereby is neater in appearance. The steering 
system consists of a pillar or shaft mounted and passing up through a 
hollow standard on the floor of the car in a considerably inclined position 
and within easy reach of the driver. The upper end terminates in a, 
large hand wheel, and the lower end is connected by a simple piece of 
gearing to rods which move the front wheels together, the wheels being 
mounted on short axles which are cross connected by a tie bar. 



The details of the system will be better understood by a reference to 
the illustration. At the end of the shaft is a worm or quick thread, 
engaging in a toothed quadrant; this is mounted on a short shaft, which 
carries an arm that is connected up to one of the steering axles by a ball - 
jointed rod. The two wheel axles being also' connected together, it will 
be seen that when the steering wheel is turned the screw or worm causes 
the quadrant arm to push the connecting rod backwards or forwards, 
and this motion is conveyed to the two wheels, these being connected 
by a bar with forked end joints to give free movement. This system is 
irreversible, as road shocks cannot cause any relative movement 
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Steering System 



Diagram of geometric principle of setting the steering arm mechanism, 
so that lines drawn through the wheel axles and projected intersect 
the rear axle line extended. Each wheel is separately pivoted, but 
linked together at the steering arms so that whichever wheel is on the 
inside of the steering circle turns through a wider angle than the outer 
wheel does. Each wheel .is -thus always tangential to the circle it 
describes. 



Details of front axle with steering nrms. It. 
should be noted that the arm to which the tie 
bar connecting the two wheel axles is fitted 
moves in a horizontal plane although drawn 
in a vertical position. It is dropped slightly 
and bent at right angles. A roller bearing hub 
for a detachable wire wheel is shown in position. 


Principle of inclined 
or s e 1 f-e e n t r i n g ■ 
steering: h ead in 
which the line of 
the steering axis 
coincides with the 
point of wheel con- 
tact with the road. 
This system gives 
very easy and sen- 
' eitivc steering. 



hot ween the worm ant! quadrant; and thus the driver has complete 
control over the steering with the minimum of effort. 

After a considerable period of use, hack --lash or lost motion is often 
very pronounced in some cars haying the worm and quadrant, and it is 



difficult to remedy it except by fitting a new quadrant, unless some 
means of adjustment has been provided, such as an eccentric bearing 
to bring the quadrant teeth closer to the worm. A plan now adopted 
is to provide a complete pinion instead of a quadrant, so that when one 
set of teeth is worn a new .set can be brought into use by moving the 



Type of spring as fitted to rear axle, known as three-quarter elliptical. 


pinion round by . a quarter turn. Looseness of the steering wheel obvi- 
ously lessens the responsiveness of the road wheels to the steering 
mechanism. To get perfect steering the two wheels must be coupled 
in such a way that, however much they are turned, the axis of each, if 
projected, will meet on the centre line of the rear axle. This point 
where the imaginary lines meet determines the centre round which the 
car will rotate. The two steering wheels must, in turning out of the 
straight & line, be tangential each to its own track, and to attain this 
they must move together. The steering arm of each wheel is set in at 
a particular angle so that, when connected by the tie-bar it will fulfil 
the theoretical conditions stated. The wheels* must always retain their 
parallelism in plan and to enable this to be effected on some cars an 
adjustment is provided on the tie-bar to lengthen or shorten it. 
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Front JLxIo 

This important component is now always made from a steel forg- 
ing- of II section slightly curved or bow-shaped, which, form gives a 
maximum of strength for a given weight and section. The ends of the 
axle terminate in a boss which is bored to carry the centre pivot, 
upon which the wheel -carrying axles can move freely. In some designs 
the axle ends terminate in a jaw- -shaped piece, the wheel axles being of 
a design to correspond. The tubular front axle is only made to a 
limited extent. To support the springs a small platform or face is 
forged on the axle at the required positions. 



Front elevation of small ear showing disposition of engine, magneto, radiator and 
tank, dashboard, spring suspension, steering pillar, front axle and wheels. 


Chassis Framework: Sub- Frame and Three-point 
Suspension 

The great majority ^ of frames are made from pressed steel sections, 
or “members” specially shaped to resist the various bending and 
twisting strains, the middle part being deeper and wider than the ends. 
The frame so constructed is a rigid and light one. Another method is 
to have the frame completely pressed out of sheet steel. In this 
it is possible to press out the sheet in such a manner as to form a 
protecting apron or underscreen for the whole of the mechanism, 
which is thus cased in and thoroughly protected from the effects of 
mud and dust. There are, of course, no joints in this class of frame. 
In the ordinary frame the various sections are riveted together. Many 
modifications are introduced in frame design according to the arrange- 
ment of the transmission. Very often the gearbox and engine are 
mounted on a sub -frame, this being suspended from the mam frame 
at three points to avoid undue stresses on the latter. To allow of a 
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considerable “lock” on the steering wheels for turning the carin a 
small circle, frames ‘are inswept . or narrowed considerably at the trout. 
An '* upsweep ” at the rear is often met with, especially on large cars. 
Hie side members of the frame ore tapered, the greatest depth being 
towards the centre, where the greatest bending strain occurs. 



Springs and Wheels 

The body and frame are insulated from the road wheels by the 
springs, which absorb the heavier road shocks and vibrations, the pneu- 
matic tyres absorbing the smaller vibrations. These springs are built up 
from laminated steel plates, which have been carefully hardened and 
tempered. These are either elliptical, semi-elliptical or straight, and 
supported by hinges or shackles in brackets bolted to the under side 
of the frame to allow for the lengthening and contracting of the spring. 
A transverse spring fixed in the centre is often used to carry the two 
rear side springs. This gives practically a three-point spring suspension. 

The wood-spoked wheel, formerly known as the artillery wheel, is 
mostly adopted, as it is very strong laterally, and not- easily knocked 
out of truth. Another advantage is that the amount of work entailed 


All-metal wheel made 
from two pressed-steel 
sections welded toge- 
ther. In appearance 
it is very similar to a 
wood, wheel but has dis» 
tinctive advantages. 
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In cleaning is less than in the case of -a' wire .'wheel. This latter type 
is susceptible to the effects of rust on the spokes unless the enamel- 
ling is carefully done. On the other hand, a wire wheel is lighter 
than a, wood 1 wheel, and unaffected by climatic changes, and is 
being used to an increasing extent. In the construction of an 
artillery wheel the rim - of the wheel and hub are not set exactly 
in line axially, but the rim. is dished outwards by setting the spokes 
at a slight angle, This arrangement gives the wheel greater lateral 
strength "than it would have, if vertical spokes were used. The steering 
wheels ere usually set slightly inwards at the road line. This brings 
the spokes- vertical, relative to the road, and the weight is supported, 
in a direct line. The fact of the steering line also approximating 
to the line of wheel and road contact makes the steering easier. 
All-metal artillery- type wheels are now adopted to a considerable 
extent. This type consists of two parts or sides pressed out of sheet 
steel and welded at the central joint. It combines most of the desirable 
features required in a motorcar Wheel. It is unaffected by climatic 
changes, and is as easily cleaned as the wood wheel. It is practically 
indestructible by shock, whilst at the same time it is comparatively 
light in weight. 

Bodywork 

The elimination of many diverse types of bodies and the approach 
to something like standardization in outline has been one of the marked 
features of car development of the last year or two. Ugly and unsym- 
'metrical bodywork is rarely met with even on the cheapest of cars. 
Greater attention has been paid to the .provision of ample seating room 
and a comfortable position for the driver and passengers. The ordinary 
two-seater has plenty of room, even for occupants of more than normal 
dimensions, and the small, open car’ can seat four and, in many cases, 
five. 

The changes of fashion modify outlines but cannot affect the general 
dimensions of motor carriages, nor alter the requirements of users. 
The two-seated cars are divided between the open car with hood and 
the enclosed coupe with a window in the quarter, the roof and rear 
part folding clown, all the windows dropping into the framework, the 
front remaining fixed and supporting the roof. Illustrations of these 
two types are given in Figs. A and B. 

There is a considerable difference, however, between these types, and 
the similar ones of some years ago. The use of beaten metal panels is 
increasing, and as the possibilities of the artistic treatment of the some- 
what necessarily formal outlines of the motorcar are developed, car 
bodies are assuming different shapes in many respects. For instance, 
cars of the. type of Fig. A have the panels beaten out of two sheets 
with only a centre seam, the scuttle dash being in one and the doors 
being practically very slightly shaped. Wooden framework is used. 

Fig. B. is a style suited to the requirements of medical practitioners, 
and seats three persons. The full rounded panels enhance the graceful 
lines of the: design. Fig. C is the generally-accepted design of 'touring 
car. The. lines are modified and sometimes exaggerated to suit indi- 
vidual tastes, but this may be said to be the prevailing style for all 
sizes. 

A motor carriage which has been developed during the past two 
years is the saloon (Fig. D), a modified all -enclosed touring car to seat 
from four to seven persons, with only one door in each side and 
no division between the front seat and the usual interior seats. It 
forms one of the most sociable of cars for small or large parties. The 
front seats are mads separately, the near side sliding forward or fold- 
ing up to the side to permit of entry to the driver’s seat, which is 
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adjustable as to leg length and height. The roof is made either to fold 
entirely open or only the rear quarter, or as an entirely closed car, 
the bonnet and scuttle clash running into the body lines without any 
abrupt step. 

When the car is made for four or five persons, and on a chassis of 
such a length that all the seats are within the wheelbase, a very com- 
fortable and convenient carriage is produced. 

The changes of fashion in chassis havo produced a change in some 
designs of carriages, and the latest French design is a brougham to seat 
three or four persons. There have been numerous attempts at a 
satisfactory, 'design for a motor brougham ; the great improvements in 
engine power, the increased length of wheelbase and track, have re- 
sulted in the production of a chassis on : which' a well-designed body can 
be placed, and quite a number have been produced on the lines of 
Fig. E 

Larger wheels are now used than was the former practice, with great 
improvement to the appearance. Some cars have a folding hood and 
windscreen, but the most -effective town carriages are without^ these ; 
and are more in keeping with the limousine type of carriage (Fig. F), 
which is the latest type developed. 

Berlin is accorded the palm for initiating the domed roof and 
rounded end of this design of limousine, and if artistically treated, 
and the purpose for which it is to be used kept in view, there are great 
possibilities for artistic treatment. The great advance in the manu- 
facture of suitable aluminium sheets and of welding the joints has 
•enabled designers to disregard the exigencies of space and the limita- 
tions of the application of curves to motor-body design, with the result 
that it is possible to develop new lines and practically to change the 
appearance of cars which had become familiar. The combination of a 
rigidly disposed front with a folding rear position of the roof as de- 
picted in Fig. G, remains a favourite form of motor carriage. 

Great improvements have been made in the fitting of the hood joints 
and the adjustment of bearing parts, so that there is very little differ- 
ence in the appearance of the hood of a landaulet and of a limousine, 

The All-enclosed Car 

The largest type of motor carriage is the fully-enclosed front driving 
seat limousine, with doors to the front and to the rear compartments 
as shown in Fig. H. This type of carriage has been recently further 
developed, and a very complete design embracing the lines of the long 
six-cylinder bonnet, long mudguards, . etc., has been evolved. The 
domed roof and rounded back are judiciously employed, and the front, 
instead of being left of great width and straight across, is finished 
with D-shaped glass and a folding-out tipper part of the screen, giving a 
very novel effect to the whole. Beaten and welded aluminium panels 
pjay a large part in the production of these designs. 

'The most potable alterations and improvements in the design 
of .rrrGtor carriages have been due to the improvements in the form 
and finish of the chassis, longer wheelbases, greater width of 
track, larger wheels, improved shape of the mudguards arid their 
fittings, the shape of The radiators and inclination of the bonnet, and 
the merging of the lines of the scuttle dash and body, the fitting of 
special “post lights” for the side lamps, and provision of scuttle 
ventilators as standard. The steering columns of chassis intended to 
be driven by servants are not set at so acute an angle as are the touring 
cars, and greater room is given to the seating in consequence. 

The fitting of the frameless glass to the doors and quarters has been 
greatly improved, and the use of these windows is now nearly universal. 



105 


Hoods and Screens 

There are many arrangements made, and patented for raising, lowering 
and securing these windows, some of them most ingenious. The 
silencing of doors and movable parts is carried further than ever 
before. A noticeable feature in many new designs is the arrange- 
ment for carrying a spare tyre or steel wheels, in a compartment in 
the rear, the rearranged chassis ancl the use of higher seats in the rear 
making this feasible without the disfigurement of the design. On 
some of the latest designs of limousine the side lamps have been placed 
on the standing pillars with good effect. These pillars are often made 
of special shape and width, so that the occasional seats fitted to the 
fronts are partly recessed behind the opening of the doorway, and con- 
sea uently do not protrude in the way of the entering passengers. 



Hoods and Screens 

The Cape hood, made in various kinds of proofed fabric and folding 
tip into a, small compass, is both light and efficient as. a pro- 
tection against the weather. The sides can be dosed by curiam s or 
left open as desired. The opening of the hood can be effected single- 
handed in certain forms, although the ordinary hood does not present 
much difficulty in manipulation to open or close it. Windscreens are 
made in a very large^variety with single or double panels, either of 
which may be adjusted to any desired angle. Glass still remains the 
most used material for screens by reason of its transparency and the 
ease with which it can be kept clean. Celluloid, in one or other of 
its forms, or a material named exonite, can also be used, and the risk 
of breakage as obtains with glass is avoided. Exonite is an improve- 
ment on celluloid, insomuch as it is non-inflammable, and is practically 
as transparent as glass. The combined advantages of both glass and 
celluloid for windscreens can be obtained by the use of a special form 
of glass sheet made up of two plates of glass with thin celluloid 
cemented in-between. This is practically as clear as the best glass, 
and is proof against actual breakage, that is to say, if struck by a 
missile it will simply “star” or develop a series of cracks, and no 
pieces will break away. Another form of glass which is safer than the 
plain sort is that known as 4 ‘wired glass,” which has wire netting 
embedded therein. 


CHAPTER VIII 

Tyres, Detachable Rims, and Wheels 

Pneumatic tyres are universally used on all cars for touring and 
general use. For heavier vehicles, travelling at slow speeds, some form 
of solid tyre, sometimes used in conjunction with spring wheels xnav 
be used. "The beaded-edge tyre is the standard system,- and it will 
be seen from the diagram has the edges of the rim formed into channels 
(A A) to take the heads (BB) of the outer cover. This cover is composed 
of the fabric (a specially-woven canvas, or a, rubber-proofed cord) GO, 
and the rubber (JDJD) thicker at the tread than at the sides. A fabric 



Sectional view of beaded edge pneumatic tyre, with plain round tread, 

The security bolt with its wing nut is also shown. 

reinforcement is provided at E. The air tube (F), fitted with a non- 
return valve, is of a special thickness, moulded to circular shape in some 
cases, and the joint vulcanized. The air pressure forces the beads of 
the cover into the channels or “ clinches. 5 * The covers are additionally 
secured to the rim by the use of holding down bolts or “ security bolts/’ 
which serve to hold the beading of the cover firmly in place, and pre- 
vents the cover “ creeping 5 ’ round on the rim. The diagram shows how 
this is effected. Tyres are inflated to air pressure ranging from 50 to 
120 lb. for ordinary use according to the size of tyre and the load carried 

Non-Skidding and Puncture-Proof Devices 

To minimize the risk of a car skidding on greasy roads numerous 
devices have been introduced. The most popular of these is the steel- 
studded leather band, which may be either permanently vulcanized 
on to the tyre or secured mechanically, as by straps passing under the 
rim, which type is known as a detachable non-skid. The steel studs 
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Construction of Tyres 

give the tyre an effective grip, whilst the toughness of the leather 
renders it proof against puncture. Another device is that in which 
steel chains supported by rings encircling the rim lie across the tread 
of the tyre m zig-zag fashion. A further arrangement consists of a 
jointed steel armour plate band on the tread. The band is formed of 
a series of links hinged together and secured to the wheel by straps 
fixed at intervals under the rim. Some makers now construct their tyres 


Ordinary leather and steel 
stud non-skid band. The 
extra running tread is 
now often dispensed with 
and one vulcanized leather 
tread fitted over the 
rubber, 


with the steel studs vulcanized permanently in the rubber tread of the 
cover.^ When it is desirable that the resiliency of the tyre should not be 
diminished by the addition of leather or metallic bands to the cover, most 
of the best-known makes of tyres can be had with non-slipping treads. 


A special non-skid semi-solid 
tyre, consisting of large studs 
of rubber carried in a special 
rim. Each scud has an in- 
terior air space for cushion- 
ing effect. 


The rubber may be moulded in a special form, having corrugations 
or ribs to get a firm grip of the road. These treads are not so effective 
as sideslip preventers as the steel-studded cover on all forms of road 
surface, but are distinctly better than the plain, smooth tread. The 
variations in actual design of moulded non-skidding treads are very 
numerous. Each type has some particular merit claimed for it J 
The " chain ” non-skid, which can be attached when required ' is 
probably the simplest device, and very useful when plain -surfaced tyre 
covers are used. The steel chains are arranged in zig-zag fashion 
across the surface and fit loosely, so that the whole device can creep 
round the tyre when in use. A form of tyre which gives very favourable 





results lias- studs-; or - projections, of - rubber moulded as part of ilia 
cover. The term ‘'“.all-rubber, non-skid ” has been, applied to this form 
of tyre, it is durable, resilient, and little inferior in its non-skid- 
ding properties to steel-studded covers. Other devices not forming 
part of the tyre have been adopted with more or less success. One of 
these simply consists of a steel chain hanging loosely on the 
road, and on the inside of the wheel, and close to the tyre, so that 
any sideways motion of the wheel results in the chain being trapped 
under the tyre and thus checking the skid. The detachable non-skid 
bands which either grip by a series of plates under the lips of the rims 
or are fixed by mechanical means, such as clamps or contracting steel 
rings, are largely used for plain tyres. 

Degree of Inflation 

The air-pressure plays an important part in the life of the tyre. Each 
tyre requires a definite air pressure in relation to its strength and the 
weight it has to carry, and this pressure should be rather too high than 
low. Insufficient air pressure destroys the cover, as the weight which 
it has to carry causes it to' - flatten out, the fabric becomes loose and 
is damaged through the friction thus set up, so that the life of the 
cover is considerably shortened. On the basis, of many years experi- 
ence, the following is a. table of the air pressure which tyres of 
different dimensions ought to have, keeping in view the weights they 
have to carry 



Non-skid, covers require a pressure of 15 lbs. more than that 
given in this table. As pressures are not standardized to suit 
each and every make of tyre the makers’ lists should foe consulted 
as to the pressures they specifically recommend. 

Detaching and Repairing Tyres 

The following instructions are those specially compiled for the 
manipulation of the Dunlop tyre, but practically the same rules apply 
to any standard tyre. The deflation of a tyre through puncture is 
indicated by the wheel bumping on the road, or the steering becoming 
unsteady. This necessitates an immediate repair of the punctured air 
tube, or, what is more convenient, the replacement of the damaged 
tube by a sound one. _ To remove the air tube, first jack up the wheel, 
then loosen the security bolts as far as the wing nuts will go without 
removal. The external parts of the valve are next removed (care being 
taken to place any of the loose fittings in a safe place). The cover 
detaching or tyre levers are next requisitioned. The edge of the cover 
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Method of Detaching Tyres 

ear; _ then be pushed from under the lip of the rim, the levers inserted in 
positions several inches, on each side of a rim bolt ' and the edge '.of. ..the- 
cover raised over the rim, special care being taken not to damage the 
air tube. Should the cover slip back, the levers must be set a little 
farther apart ; but, if placed too far apart, the cover will not come over 
the rim, so that, they must be used closer together. The levering must 
be repeated at intervals of about six inches until all the edge "of the 
cover is brought over the rim, care being taken not to insert a lever 
where it will touch a. rim bolt. Should the air tube be difficult to 
remove through sticking to the cover, it may be necessary to apply 
some petrol to the place. The cover must, however, be allowed to dry 
thoroughly, and French chalk rubbed on afterwards. The inside of 
the cover should then be carefully felt for puncturing objects, such as 
bits of wire, flint, or nails sticking inside, and same removed. The 
cover should also, be cleaned thoroughly of any loose gritty material 
that may be inside. Afterwards a handful of clean French chalk 
should be put in and shaken round. When inserting the new tube 



Left— -Chain pattern detachable non-skid ; can be used on either plain or 
grooved treads ; can be easily attached when required. It forms an effective 
grip for driving through snow. Centre— Special form of flat moulded 

tread with recesses and side ribs. An efficient type of non-skid cover grip- 
ping the road by the suction effect of the circular recesses. Right— Combi- 
nation tread; rubber and steel studs and rubber ribs. 

see that it is first of all slightly inflated, and make certain that it is put 
in quite straight and free from any twists or kinks, .which would be 
certain to cause trouble later on. The tube in position, first replace 
that part of the cover which is notched to fit round the valve, go round 
to see the air tube is straight once more, and then push up the valve 
and security bolts, in order to allow the edges of cover to fit into the 
lip of rim. Next draw the valve and bolts down into position. The 
greatest 'Care should be taken in using the tyre levers not to pinch or 
injure the air tube. . If the operator has to work single-handed 
difficulty may be experienced in detaching the cover. The best method 
in this case is to use three levers. Two levers are inserted, and 
the wheel turned round so that one lever rests against the foot and 
the next against the leg of the operator. Both hands are then free 
to manipulate a third lever. The same method applies in replacing 
the cover. To remove the valve insert the curled end of the lever over 
the tube, then push it across till it catches hold of the tyre on the 
opposite side of the rim. The cover can then be pushed up* out of the 
way with one hand, and the valve withdrawn with the other. To 
completely detach a cover, insert the lever on inner side of wheel, two 
inches away from a bdt. Lever up the bead of the cover from the 
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rim, and tlien pull the. bolt down* so that the bolt head will be, under* 
neath bead of cover. Repeat operation at .each bolt., :.'Next ; ; insert a, 
lever from inner side of wheel right across the rim and ‘lever the 'tyre; 
bodily off. The rim bolts should be fitted in slots, so that they cannot 
torn round. If the holes are round care must be taken to manipulate 
the head of bolts into correct position. In the event of a repair having 
to be made to an air tube, the process is the same as for an ordinary 


The first operation in removing 
a. tyre cover: After the security 
bolt wing lints have been slacked off, 
the edge of cover is pushed out of 
the rim and the tyre levers, inserted. 
Various forms of levers are obtain- 
able, some being more convenient 
to use than others. The various 
tyre makers supply suitable levers 
for their tyres. 


cvcle tvre tube, but special bevelled patches and strong solution must 
be used. 

In the event of a burst in the cover a special canvas patch should be 
fixed right across from edge to edge, go as to be gripped under the 
beading. Another device is a corset, which attaches round the air 
lube at the weakened part of the cover. Reinforced tubes may be 
used as a protection against bursts. These tubes are made with a 
fabric insertion around the greater part of the circumference. A tyre 


Second operation : The lever 
raising the cover over the edge 
of the rim. Si>ceial care must be 
taken not to pinch the air tube 
between rim and lever. This would 
result in damage to the tube, 
rendering it useless till repaired. 
Even if not cut through, the rubber 
would be so much weakened as to 
burst under the effect of air pres- 
sure on some future occasion. 


gaiter is < a useful article for strengthening a weak place in the cover 
and getting home after a repair. When such is fitted, it is advisable 
to drive at a moderate pace only. From time to time the outer cover 
should pQ closely inspected, and any appreciable cuts found therein 
should be well cleaned with petrol or benzine, and filled up with some 
of the special plastic rubber preparation sold at accessory or tvre depots. 

The durability of a tyre depends primarily upon the quality and 
treatment (such as vulcanization) of the rubber used in its construction, 
but there are a number of other factors which have an important 
bearing upon it which the user can largely control. For example, 
correct inflation for the weight the tyre has to support (inflation tables 
are given on another page). The usd of a tyre, of large-enough section 
is another important factor. The tendency "amongst many car owners 
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is to. use tyres of minimum size for the work. This does not prove in 
the long run the most economical course to adopt, because it has been 
abundantly shown that the life of a tyre increases very greatly with 


Third operation : The hand is used 
in assisting the working cf cover 
down outside the rim, the lever being 
in position between cover and rim. 
A new cover will generally be found 
stiff to manipulate with the hands 
for the first time, but soon becomes 
supple with use. 



nn increase in size. Many cars are now fitted with extra large diameter 
tyres with a very notable increase in durability and also comfort in 
driving, because the greater the air space the greater the cushioning 
effect. The increasing cost of tyres larger than the minimum which 




Fourth operation : The inner 
tube having been carefully re- 
placed, the hooked end of the 
lever is used to work the edge 
of the cover back into the rim. 


How an air tube may be injured by art 
inexperienced or careless operator in re- 
placing a cover. The tube is shown 
nipped between the end of a hooked 
lever and the lip of the rim. 


can be used, it will be found, is amply justified by results. Another 
factor contributing to durability is the “ nursing '*■ of the tyres on 
rough or stony roads by driving "slowly when there is much risk of the 
treads being cut. Care in starting and stopping the car is another 
important factor, skidding or locking of the wheels by a harsh clutch 
or brake being most destructive. Carefully-used tyres will be found 
to give a large mileage, and it is possible, in most cases, to have them 
retreaded by the makers and another long period of life obtained from 
them. 
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Tyre Inflation: Yaricms Types of Air Pumps 
For tyre inflation a first-rate pump is a necessity. The most com- 
monly-used is a single barrel, single-acting hand pump ; but for rapid 
inflation, with a minimum of exertion, double or triple barrel pumps 
may be used with advantage, as these act both oo the up and down 
stroke. A foot-actuatec] type of pump can now be obtained which 
greatly simplifies tyre inflation. Mechanical pumps for working direct 
off the engine can" also be obtained. The pump, which may have a 
single or several barrels, is usually mounted on a swing bracket, and 
has a friction wheel to come in contact with the engine flywheel when 
required. One form is made to be held against the flywheel by hand. 
The connection to the tyre valve is made bv a flexible tube. Another 
alternative is to use one of the cylinders of the engine as a compressor. 



Powerful hand operated 
tyre pump with pressure 
gauge. This type is 
made lor motor house or 
garage use. 



Foot pump for easily inflating 
a tyre. The pump can. be folded 
up for easy storage. 


A special form, of sparking plug containing a valve is used, with 
a. tap and union for the tube connecting up to the tyre. The 
air is forced into the tyre on the compression stroke, the 
spark, of course, being cut off so that this cylinder does not 
lire. A method of rapid inflating which saves all" trouble is to use 
a small steel cylinder or “ bottle ” of liquefied carbon dioxide gas. This 
is supplied, with a special fitting for connecting up, and a"' pressure 
gauge for indicating when the necessary degree of tyre pressure has 
been obtained. A small double-compression pump, which can be screwed 
into the .sparking plug aperture of one of the cylinders and thus worked 
automatically, is much used. Air is drawn into the cylinder through 
a valve in the pump and forced into the pump, which, by a further 
compression, forces it into the tyre. Cars having compressed air 
starting-up devices are always equipped for rapid tyrek’nflation from the 
air pressure cylinder. A compact four-cylinder pump driven by gear- 
ing from the engine is now much used. 


Tyre and Yahre Hints 

It is essential to the avoidance of trouble through slow leakages in 
tyres to invariably keep the dust caps on and well screwed down, 
otherwise dust gets in, and is sure to find its way to the rubber 
seating when next the tyre is pumped up. Should, therefore, a cap 
be lost on the road, and a spare one is not at Jiand, blow away aa 
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Need of Proper Inflation 

much of the dust as possible and tie a piece of rag or cloth over the 
valve. For the same reason it is a good plan to make a habit of 
giving the pump a few strokes before connecting it up/ to expel any; 
dust which has found its way into the tube. Tyres should always be 
kept hard or to the pressure indicated in the respective makers' lists, 
they being less liable to puncture than when soft, and there is less 
tendency to creeping or rolling in the rims, not to mention the ingress 



of wet being prevented. A rough indication, of correct inflation is to 
shake or rock the car sideways, when the tyre should move with the 
wheel. . If the part of the tyre on the ground does not move sideways 
solid with the wheel, more air should be pumped in. At the same time, 
it should be remembered that the heat of the sun in the summer time 
tends to keep the tyres much hotter in running than is the case in 
winter, so that a little allowance for expansion may be made. If it so 
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Section of tyre valve, showing parts, 



Simple test for air 
leakage at a valve by 
immersing in water 
and observing if any 
bubbles escape. Any 
leakage will probably 
be due to the small 
rubber valve plug (O) 
having become defec- 
tive. 



happens that any particular tyre runs for a lengthened period during 
the hot weather without requiring inflation, it will, in all probability, 
be found, on eventually attempting to free the valve preparatory to 
pumping up (the small pin on the cap of the Michelin and Continental 
valves is provided for this purpose), that the soft bit of rubber inside 
has been melted by the heat and stuck up, and a spare one will then 
probably have to be inserted before the valve will hold properly. 

Resilient Materials as His? Substitutes 

In addition to such devices as detachable rims, removable flanges, 
and special means gf getting at the air-tube quickly, an alternative 
method is to discard compressed air as the vibration -absorbing medium, 
and use a substitute, a solid material, having a high degree of 
elasticity and being relatively light in weight. The air-tube is filled 
up by a special process with some preparation of this kind, and the 
cover used in the ordinary way. A tyre of this class is more resilient 
than a solid rubber,, tyre, lighter, "and less costly. The weight, 
however, is considerably greater than a pneumatic, and the resiliency 
less, thus having some adverse effect on speed. So far as com- 
fort and vibration absorbing properties are concerned, the difference 
between it and a fully- inflated pneumatic is not very marked, and an 
ordinary observer would have difficulty in telling whether he was 
riding on air or on an air-substitute tyre. The several resilient filling 
preparations for tyres are the subject of patents, and special trade pro- 
cesses are involved, and therefore details cannot be given here, but it 
may be said that materials such as cellulose and spongy rubber form 
the basis of some of them. 



an air substituce of resilient 

A standard type of lifting jack. material. 


Air Pressure Gauges 

These- devices are very useful for ensuring that the tyres are always 
kept up to the correct degree of working pressure. The gauge can be 
screwed on to the valve direct, when the pressure is at once read off 
on the dial. If desired, the gauge can be obtained as a fixture to the 
tyre-inflating pump, and the pressure read off whilst pumping. 
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Storing Air Tubes 

Cap-lifting 1 lacks 

In connection with tyre repairs, an efficient jack or lifting appliance 
is indispensable. These jacks are made in numerous patterns, and all 
embody some arrangement of the screw and lever. When placed under 
the axle and adjusted the jack forces up the axle, so that the wheel 
is raised clear of the ground, and the tyre can therefore be manipulated 
without difficulty. Some care is necessary in adjusting a jack, so that 
when the weight of the car is supported by it there is no risk of the 
jack slipping and letting the car down suddenly. The strength and 
design of the jack should also be properly considered when choosing 
it. The strains on the parts when in action are very great, and ii 
the jack be not made of high quality material (steel) and well pro- 
portioned to resist wear of the screws and ratchets it will inevitably 
give way when under load. Ball bearings are' used in many of the 
more modern types of jack to take the thrust and render their opera- 
tion an easier matter. Pneumatic jacks are used to some extent, but 
are chiefly applicable to cars which have an air compressor for starting 
up the engine. These simply require connecting up to the compressed 
air reservoir. 



Showing the various operations in folding an 
air tube properly 


Care and Storage of Kin? Tubes 

It is important that air tubes should be carefully kept, and not© 
should be taken of the correct method of folding them as follows : — 
The tube must first be denuded of its air, and for this purpose it 
is folded, as in A, so that the valve body (from which the cap and the 
valve parts have been removed) is at one end. Then starting from the 
other end, the tube is tightly rolled up, the air being assisted to escape 
by the prevention of air locks through the folding of the rubber near 
■the valve body. When the tube is completely rolled, as in B, with ail 
the air out of it, the valve is made up and the cap screwed on. The 
tube can now be opened out flat, and, provided there is no puncture or 
any means of air ingress, it will stay flat. It is now best to bind round 
the valve with some cloth, or, better still, a thick rubber finger stall 
to prevent chafing of the tube The tube is laid out, as in C, so that 
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the valve is central, and then one half of one end of the tube is folded 
over towards the valve (I)), the other side being similarly folded, the 
ends of the folds nearly touching the valve (E). ’ The two parts of the 
tube are now brought together and hound with a broad tape, or 
clamped by a couple" of rubber bands (F). It will be seen that, by this 
method, the valve can never be rocked over at such an angle as to 
strain the valve seating ; in fact, it is completely prevented from mov- 
ing, and every fold is a natural one. The tube should now be placed 
in a waterproof inner tube bag with some French chalk, and it can 
come to no harm. When a tube is punctured, it will be found im- 
possible to fold it in this way because of the ingress of air, and then the 
only way is to stop when the tube is as in B, and be careful that it ia 
placed in such a position that the valve cannot strain the seating. 



Mon-Bursting Air Tubes: Use of Liners 


In the event of a cover weakening at any place, the ordinary tube 
will usually blow through and burst; this is known as a “ blow" out.” 
By using a tube specially made, having a fabric insertion, a blow out 
cannot occur. This form is known as a non-bursting tube. Another 
device, known as a “ corset,” which is a special shaped lining having an 



Vulcanizing 


opening for inserting the tube, may be used with a cover that is weak. 
This may be used in sections or as a complete liner to the cover. 
Weakened covers should preferably be used on the front wheels with 
reduced air pressure. 


• Vulcanizing Bepairs in Tyres 

Simple and effective vuieanizers are sold suitable for tyre repairs, and 
repairs, so made to air tubes and covers are much more' permanent 
than solutioned repairs. Full details how to use such apparatus can 
always be readily obtained from the makers or factors of them. These 
vuieanizers s are made in very portable form, and such as can readily be 
carried on a car, and a repair effected whilst on the road. 

One much-used pattern '.Vulcan izer consists of a steam heater with a 
spirit burner fitted underneath. It is specially shaped so as to offer a 
concave surface for clamping direct to a cover, which may have 
to bo repaired at one or more places. The defective part of the tyre is 
first of all prepared by cutting and cleaning in a particular way, then 
it is filled up with; a kind of plastic rubber, and the vulcanizer is 
clamped over it and heated for a certain length of time. The result is 
that the repair is made homogeneous with the rest of the cover ; in a 
sense, it is welded to it permanently. Repairs to air tubes are made by 



clamping to the flat sides of the vulcanizer. Other forms of vuieanizers 
have the metal surface heated by hot air, and some means of shutting 
off the heat automatically when the correct temperature is reached? 
There is also the electrical type. This consists of a “ heater,” generally 
made of aluminium. Inside is arranged a “ resistance ” coil protected 
with mica. A current from an accumulator of four or eight volts is 
passed through the coil, and heat is evolved and concentrated on the 
surface of the vulcanizer. The special advantages of this device are 
its safety in use and portability and convenience, and the fact that 
exactly the right degree of steady vulcanizing heat is obtained by the 
passage of the current. It is better to use cells of special size rather 
than ignition cells, owing to the rate of discharge being fairly high* 
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■Retreading Covers 

By having covers retreaded bv the tyre makers before they are worn 
out, a considerable- extra mileage- can" be obtained. In some cases it 
amounts to about two-thirds the average mileage of a new cover, but 
in most cases at least half the normal mileage can be obtained, and 
thus a considerable saving in cost of new tyres is effected. A tyre 
that has been properly looked after by having the cuts vulcanized as 
soon as they develop will be capable of more satisfactory retreading 
than otherwise, as in this condition the fabric lining would be little 
the worse for wear. A weakened cover, although it may be capable of 
being retreaded should preferably be used on a front wheel and not 
subjected to driving strains. 


Special Tyres. Detachable Rims and Wheels 

To considerably lessen the delay caused by tyre troubles when on 
the road, wheels fitted with detachable rims may be used. The prin- 
ciple underlying the system is to have the wheel made with a plane 
and accurate felloe, on to which the tyre rim, with a fully- 
inflated tyre “ in situ,’ 5 can be fitted. It is, therefore, only necessary 



Special rim with expanding Section of a 'detachable' flanged rim. A, felloe 

ring on one side to quickly BB 1 , fixed portion of the rim shrunk, on to felloe 

detach a, tyre of the wired CC l , detachable flange; D, small channel in C 

edge type. . containing strip of packing ; E, fixed steel bolt 

secured by the locking plate (F). The flanges 
(B 1 , C 1 ,) form a close joint. 

in the event of a puncture to unfasten several screws or similar fit- 
ments round the rim, and take off the damaged tyre and rim. The 
new rim is then slipped into position, the attachment made secure, 
and the car is ready again. One or mere spare rims and tyres can bn 
carried. Although tyre repairing is a very much simpler matter now 
than in the early days of motorcar development, there are times and 
conditions, such as in the case of '.' unfavourable weather, when the 
advantages of the detachable rim would be very marked. An alterna- 
tive attachment, very useful iu the event of damage to a tyre occurring, 
is a spare rim or “"Stepney ” wheel, which has fittings, etc., to grip 
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the rim and spokes of the wheel of which it forms an extension. It is 
thus fixed alongside firmly and concentrically, and the running strain 
taken entirely away from the damaged tyre. 

Detachable rims are now made which have the. extra advantage of 
allowing the tyre to be easily taken off. The rim is divisible in two or 
more parts, and the circumference can be made less than that of the 
tyre when it has to be taken off. 



Section of Rudge-Whitworth detachable wheel hub, 
as used for a front wheel. 

Rudge-Whitworth Wheel 

As a leading example of the detachable wire wheel the Rudge- 
Whitworth type may be described. Apart from the ease of detach- 
ment for replacing one with a fully inflated tyre, which this wheel 
provides, there is a considerable saving of weight. As experience has 
conclusively shown, it is an advantage to reduce the weight in the rim 



General view of Rudge-Whitworth inner hub and 
the simple automatic locking ring. 


as this Is favourable to the durability of the lyre. These wheels have 
great lateral strength, and in the-event -of a sideways collision with a 
kerb or other -obstacle there k no danger of collapse. The wheel may 
buckle, but it cannot break. The principle -of this type- of wheel is a 
very simple one. The fixed hub on the axle is provi dec! with parallel 
serrations or teeth of fairly fine- pitch, and the wheel hub shell is 
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provided, with; groves' .which engage with the fixed hub serrations very 
accurately 10 that a solid driving fit is obtained. To ensure that when 
the wheel is in position on the hub there shall be no risk of it coin- 
ing off unintentionally, a most important requirement, it is provided 
with an automatic locking device. In the Rudge-Whitworth wheel it is 
of a. particularly- simple and efficient type, as it is merely a grooved 
ring which engages with the thread on the inner hub and with the 
tapered face of the outer circumference of the- wheel hub. This simple 
construction provides an automatic wedging action which keeps the 
wheel firmly, in position on, the hub. Even ii left loose at the start of a 
run the- lock ring will tighten itself on the hub in a very short distance, 
so that the tendency is always for the wheel to be securely held 



Biley detach- 
able wire wheel 
system, consisting- 
ot: an inner hub, 
fixed to shaft and 
p r ov i d e d with 
tapered driving 
studs, which en- 
gage with holes in 
the wheel hub. 
The inner hub and 
wheel hub shell 
are made a taper 
fit and this practi- 
cally takes the 
drive. 



Stepney emergency rim 
with inflated tyre attached 
to rim of damaged tyre by 
the four clamps. It is un- 
necessary to remove the 
damaged tyre as shown. 


Guide to Limit of Power of a Car fox* Gi^exi Sizes of 
Tyres (Minimum) 

8 to 16 h.p. — 90 mm., or 90 mm. front, 105 mm. back for heavy 
bodies ; extra heavy bodies — 105 mm. front, 120 mm. back. 

16 to 22 h.p. — 105 mm. ; heavy bodies — 105 rain, on front, 120 mm. 
on back. 

24 to 35 h.p — 120 mm. front, 135 nun. back. 

35 to 75 h.p. — 135 mm. both. 

Larger cars and racing vehicles are now fitted with 150 mm. or 6 in. 
and 175 mm. or 7 in. tyres. The- use of extra large diameter tyres is 
also recommended on smaller cars when the question of initial cost has 
not to be seriously considered. For very heavy vehicles twin wheels are 
sometimes used. This means that the load is -distributed over four back 
tyres instead of two. The wear on each tyre is found to be greatly 
reduced, that is to say, that the life of a set of twin tv res is much 
greater than two pairs of tyres used singly. 


CHAPTER IX 

Accessories and Special Fittings 

Speed Indicators and Distance Recorders 

One of the most useful of permanently-fitted car accessories is a speed 
indicator. As the result of the large amount of attention which has 
been given to the design and manufacture of these instruments, the 
motorist now has a very large range of accurate and reliable indicators 
to choose from. Instruments are sold from about £3 upwards, and 
special models for indicating high rates of speed on racing tracks, 
reading up to 140 miles an hour, are made. Speed indicators are fitted 
permanently on the dashboard, and well in view of the driver, and are 
operated by a variety of methods direct from the road wheels. In the 
construction of these instruments much ingenuity has been shown. A 
number of principles are adopted, that most favoured being centrifugal 
force. An ordinary “ flybob ” governor, rotated from the road wheel 
by a flexible shaft, actuates, by means of magnifying gearing, a needle 
or pointer moving across a * scale graded in miles "per hour. The 
mechanical details of these instruments vary greatly, the governor 
being made in various forms and not always on the fly bob 1 system, 
although the principle is the same. 



ometer with mileage 

Showing working principle of a speed recorder. 

indicator (centrifugal type). Positive drive 
by means oi gearing. 

There are several electrical or electro-magnetic speed indicators. In 
one system a small magneto-dynamo (driven by r, belt from a pulley 
rim bolted to the in side of one of the steering wheels) generates an 
alternating current, which is carried by a flexible conductor to a volt- 
meter, which really indicates volts proportional to the speed, but the 
gradations are shown in “ miles per hour, instead of volts. In one 
system the indicator needle is controlled by the expansion and con- 
traction of a very fine wire through which the current passes. There 
are also indicators which embody electro-magnetic action, such as 
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the rotating of an aluminium disc or cup at a fast rate between the 
poles of a permanent' magnet.' The currents generated in the disc 
or cup result in it being pulled partly round on its axis against the 
tension of a spring, and thus actuates the needle of the indicator. . One 
obvious advantage of the electro-magnetic principle is its simplicity, 
the number of mechanical and working parts being reduced to a 
minimum. On the other hand, it is contended that the accuracy cannot 
be so permanent as is the case with the mechanical type of instrument, 
as variations in temperature and the weakening effect of age and vibra- 
tion on the permanent magnet have to he taken into account. Never- 
theless, ' these' • instruments have proved to possess great reliability in 
practice. 

In certain types a second needle is provided, moving across the 
scale, but always remaining permanently at the highest figure reached. 
This forms a “ maximum 55 indicator, which can be released at will by 
pressure on a button. Various forms of drive are employed, the 


Illustrating principle of mag* 
netic speedo m ete r. A 
“ torque ” or pull is created in 
the metallic disc by the rotating 
magnet beneath it. The angular 
movement of the disc increases 
with the speed of the magnet. 


“positive *’ system being considered the most reliable. In this a 
toothed ring is bolted to a front wheel, and w-gages with a small 
pinion, which rotates the flexible shaft connecting up with the indica- 
tor. Another form is that of a friction disc and wheel similarly 
arranged, and there is more “flexibility ” in this arrangement; but, 
on the other hand, slipping between the disc and wheel may possibly 
occur and affect the accuracy of the readings. There is also the belt 
arrangement previously referred to. Distance recorders, odometers, or 
mileage indicators are embodied in nearly all the well-known makes 





Principle of Shock Absorbers 

of speed indicators, but- are also obtainable as separate instruments. 
Tlie principle is mechanically well known as that of the “ counter ” 
mechanism, in which trains of small gearwheels of various ratios control 
the numbers. A “trip” recorder indicates the distance of each run 
separately, and can be re-set to “ zero ” at will, whereas the main 
recorder runs from zero to 10,000 miles or more. One convenient form 
of mileage recorder screws direct to one of the steering wheel hubs. 


Shock Absorbers 

These devices, of which there are a great number on the market, are 
made for the purpose of improving the comfortable running of the car, 
more especially on roughly-surfaced roads. The present system of 
springing is admittedly not perfect, and when travelling on rough roads 
there is the objectionable rebound of the- body of the car after it 
passes over a depression in the road, which it is desirable should be 
reduced as much as possible. The shock from this rebound is not only 
uncomfortable for the passengers, but it has a bad effect in several 
ways on the whole car. Hence these shock absorbers are applied as 
the* best means available so far to check the rebound. They are made 
on various manciples, generally employing, a frictional effect such as is 



Friction disc shock absorber. Case- 
hardened steel discs fastened to the 
hinged arms are kept in close fric- 
tional contact with each other, and 
act as a “ brake ” on the rebound. 



Hydraulic shock absorber (Houdaille). 


obtainable from two hardened steel surfaces in close contact. Another 
principle is that of using the fluid friction of oil, practically on the lines 
of any of the well-known “ da-sh pot” devices, viz., a piston moving in 
a cylinder against the resistance offered by oil contained within it, the 
oil passing slowly through a small aperture into another chamber. This 
type of device is probably the best solution of the problem. 

Auxiliary Spring's 

These appliances are quite different to the shock absorber, though they 
are often used in conjunction with them. The main idea in apply- 
ing them is to provide a greater range* to the* ordinary elliptical springs 
• so that the minor and more numerous road vibrations will be absorbed, 
leaving the main springs to absorb the more severe vibrations. The 
wide application of these numerous appliances proves that they are 
effective to a considerable extent. In practically every type they con- 
sist of spiral springs working in cases and attached to the shackles of 
the main springs. 
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Engine Starters 

Important- advances have been made in the overcoming cf the inherent! 
drawback of the internal-combustion engine, namely, its inability to 
start automatically. . A great many cars now have some form of starter 
fitted, but it will probably take a long time to eliminate the starting 
handle as a standard feature of car construction. The advantages, of a 
starter are. so obvious that they do not need recapitulation. The solu- 
tion of the problem has been considerably aided by the application of 
electricity to the lighting of the car, and as a result the electric type of 
starter is the more largely adopted. In addition to this system there 
.are several which act by compressed air and others by springs. The 
principle of the electric type of starter consists in the use of a series- 


T.A.T. clynamotor 
type of starter 
with ehain drive 
to engine. 


wound electric motor, deriving its energy from an accumulator battery, 
which can also serve the purpose of lighting the car. The starting 
motor can also foe designed to act as a charging dynamo, in which case 
it' is known as a <! dynarootor ” or combined motor and generator. The 


Section or Rush- 
in ore electric 
starter. The arma- 
ture pinion auto- 
matically engages 
with the engine 
gear when current 
is switched on, and 
releases when 
current is switched 
off. 


electric motor has to develop for a very short time an amount of power 
which may range from | -to 1 b.h.p., according to the size of the 
engine to be started. The electric type of motor is peculiarly well 
adapted for the work, as its characteristic feature is that of being able 
to produce a very powerful and continuous torque, which enables it to 
overcome the inertia of a stiff engine and its high compression. There 
are various methods of applying the power from the electric motor 
to the engine, the simplest being that of friction drive. This consists 


Magnet 



Senes Winding 
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of a small and wide roller made of rubber and fibre discs keyed to a 
flexible extension of the motor shaft and connected by levers up to a 
pedal; so that, on pressing it, the current from the accumulators is 
switched on to the motor, and further pressure brings the revolving 
roller into firm contact with the wide face of the engine flywheel. With 
a small-diameter roller driving on to a very much greater diameter 
wheel ample leverage is obtained to rotate the engine. The other 
methods of transmission are by gearing, consisting either of : a pinion 
on the motor shaft engaging a toothed ring on the flywheel or a plain 
drive by a chain, a sprocket being keyed to the motor shaft and another 
to any convenient part of the engine crankshaft, the two being con- 
nected by a driving chain. Some of the electric starters are provided 
with an ep icy die gear to reduce the transmission speed. This system is 




C.A.V. electric en- 
gine starter with 
friction drive to 
engine flywheel. 
Current is switched 
on and friction 
roller engaged by 
pressure on the 
small pedal just 
above the flywheel. 




more general on the dynamotor or single-unit type of machine, as it is 
in most types necessary to have two, gear ratios-— a very low one about 
20 to 1 for starting and a high or direct gear of about 3 to 1 for driving 
as a lighting dynamo. A single-geared • machine is, however, quite 
practicable, as there are examples of this type in successful use. The 
gear ratio ranges from 3 to 1 to 4 to 1, according to the size of the 
engine, and although this necessarily means that the armature of the 
dynamo may at times run at very high speeds, viz., between 4000 and 
5000 r.p.m.j, there are no adverse effects, proving that the armature' 
windings are protected against the severe centrifugal stresses that 
occur. Another type of electric starter is that designed to take the 
place of the engine flywheel. This has the advantage of applying its 
power directly to the crankshaft. It is also simple and avoids the use 
of separate machines. 

Spring Starters 

The energy that can be stored up in a spring is utilized in some 
forms of automatic starters. The general arrangement is to use a flat 
coil spring of considerable strength, and combine it with a simple 
clutch mechanism. The spring is enclosed in a metal case and placed 
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at the forward end of the engine shaft in place of the starting handle. 
The working is briefly as follows: — The engine winds the spring up 
automatically through the. clutch, and it can be put into engagement with 
the crankshaft by a suitable control lever, convenient to the driver, 
and it then gives' a number of rapid revolutions of the shaft sufficient 
to start, the engine, and as the apparatus is always kept in a fully 
wound up state the starting up can always be readily effected. Another 
arrangement of the spring embodies it in the gearbox. 



Electric starter in 
which the motor is 
designed as part of 
the engine flywheel, 
thus providing a 
direct application 
of power to crank- 
shaft. 


Compressed-aii? Starters 

■ There are, broadly speaking, three types of these. The chief is that, 
m which air at a pressure of about 250 lb. per sq in. is admitted direct 
into one or other of the engine cylinders by means of a special distribut- 
ing valve. The pressure acts directly on the piston and operates on 
the cylinders in correct sequence, thus giving a series of impulses. The 
compressed air is stored in a steel cylinder, which is always kept 
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charged up from an air compressor driven by the engine. The second 
system is simpler and consists of a long cylinder' containing a piston, 
to which is attached a long rack, which gears with a pinion wheel 
fitted to the forward end of the crankshaft. The pinion is provided with 



3-tack and pinion type of compressed-air starter. The pinion is attached 
to engine shaft with a tree wheel clutch. The admission of compressed 
air to the cylinder which carries the rack forces it outwards and thus 
causes rotation of the pinion. 


a free-wheel clutch, so that the engine, so soon as it starts, can run free 
of the starter. The operation of the starter is simply that of admitting 
compressed air into the cylinder, the piston being at the commence- 
ment of its stroke. The pressure drives it forward, and the rack and 
pinion thereby rotate the engine shaft. The piston is returned to its 
starting position by means of a spring, so that several strokes can be 
obtained. The other pneumatic system comprises a separate motor, 
usually of four or six cylinders. Its shaft is provided with a small 
pinion, which can be brought into gear with a toothed ring on the fly- 
wheel rim. Compressed air is admitted from a steel cylinder as in the 
other systems. 



Epicyclic gear for 
speed reduction. 
Arrang e m en t a s 
adapted to electric 
starter of cl y n a- 
inofcor type. 


Pedal a nd jLeirer Starters 

# These are devices which simply transfer the starting handle opera- 
tion to a more convenient place near the driving seat." In one system 
a, ratchet is fixed on the clutch shaft, and this can be engaged". by a 
pawl on depressing a pedal so that the engine shaft is rotated. The 
same action can be obtained by pulling a hand lever forward in the 
manner of a brake or gear lever, its connection being made by a wire 
cable. 
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Road Warning Devices 

Every motorcar must, carry some means of giving audible warning of 
its approach.^ The standard instrument used for this purpose since the 
early days of the motorcar is the ordinary reed horn operated by the 
pressing of a rubber bulb which forces air through the horn. The reed 
horn is still largely used, but in much improved forms, giving- a large 
volume of sound of great carrying power, but two chief alternative 
systems have within recent times come into vogue in which electricity 
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wo examples of electric warning devices. 


and the energy of the exhaust gases are used respectively to produce a 
warning sound. Electric horns are of two types, the chief one being 
based on the principle of construction shown in the illustration 
above (A). An electro-magnet is energized b e y a current from either an 



Mechanically operated horn, air pressure is supplied by a rotary pump, which 
can be brought into engagement with the flywheel at will. 
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accumulator or a dry battery by pressing a button. The magnet attracts 
an armature disc of soft iron, which is supported by a spring. This 
armature vibrates very rapidly by means of an ordinary contact make 
and break, as used in an electric bell. The armature is centrally con- 
nected by a rod to a thin sheet iron diaphragm arranged at the base of 
a horn or amplifier, and by its extremely rapid movement sets in vibra- 
tion the air and produces a powerful note. Another electrical type of 
horn has the electro-magnet replaced by a small high-speed electric 
motor (B). The end of the motor shaft carries a, small cog or striker, 
which hits the centre of a thin metal diaphragm and thus sets it into 
rapid vibration. Instead of a diaphragm being employed, the’ motor 
may rotate a perforated metal drum and thus produce sound on the 
principle of the syren. Exhaust whistles and horns are used to a 
considerable extent, the principle most favoured being that of an organ 
pipe. The reed principle can bemused, but- is not considered so reliable. 
The usual arrangement is to connect the horn or whistle at the side or 
rear of the car as a by-pass on the exhaust, so that by depressing a 
pedal the exhaust gases can be turned through the horn instead of 
taking the normal path through the silencer. The vibrating diaphragm 
of some horns is worked by mechanical means from the engine, power 
being conveyed by a flexible .shaft. 




Combination electric 
and bulb - operated 
horn. Either system 
can be used, according 
to the sort of sound 
desired. 


Hand-operated type of me- 
chanical horn. A rack and 
pinion system of gearing 
causes rapid rotation of a 
drum containing rollers 
which strike a diaphragm. 


Acetylene Lamps and Generators 

Acetylene gas is an illuminant well adapted for motorcar lighting 
owing to its high luminosity and the ease with which . it can be 
generated by bringing water into contact with calcium carbide (a com- 
pound of carbon and calcium prepared in the electric furnace). Calcium 
carbide is usually abbreviated to the word “carbide.” 

In the “ drip ” principle of generation the water is usually arranged 
to drip directly on to the carbide, and the amount of gas formed is regu- 
lated by a tap, which allows more or less water to come in contact with 
the carbide. A modification of this system allows the water to drip 
down a perforated metal tube surrounded with carbide, and thus the 
water gradually soaks through the carbide. All generators are now 
made specially with a view to ease of detachment, refilling or charging, 
and cleaning; this latter is specially important, unless the generator is 
of the “ separating ” type, in w T hich the spent carbide is automatically 
removed from the unused carbide, as any neglect to clean out 



the lime residue which forms, from the container, immediately after 
a period of use. renders cleaning a matter of considerable difficulty. 
Another important detail in working a generator is always to obtain 
the best quality of carbide/ keep it in a thoroughly dry place, and 
tightly sealed up to prevent deterioration. When charging the carbide 
container, allowance must be made for expansion of the carbide when it 
becomes exhausted, so that- only the amount advised in the directions 
supplied with the generator should be put in. 
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Simple form of diving-bell generator Drip type of shading grate generator, 
for acetylene gas. When the supply to The used up carbide shakes through the 
lamps is shut off the pressure of gas in perforations into the base of the gene- 

the inner chamber drives the water rator. The water tank forms the top 

away from the calcium carbide. part of the generator. 


The Biding Bell Principle of Construction 

9 This is adopted to a larger extent than the drip principle. In some 
respects it is simpler and gives a: better regulation of the gas. In brief, 
the working is as follows :- — The carbide is contained in a- bell or cham- 
ber with perforated sides and bottom to admit water freely. This bell 
has a suitable outlet for the gas. It is supported inside an outer vessel 
or tank to hold the water. Immediately the water comes in contact with 
the carbide, gas is generated and, if the supply tap is open, this gas 
will pass on to the lamps. Should the tap be closed, the pressure 
exerted by the gas then acts inside the bell, and drives the water away 
from the carbide. Should the generation of gas still continue for some 
time, it will force its way through the water and escape into the at- 
mosphere through a small vent hole, so that a dangerous pressure can- 
not develop within the generator. It will be followed that an automatic 
regulation of the gas is thereby obtained, because immediately more is 
being generated than can be used, the water is driven away from the 
carbide, but as soon as there is a demand for more gas the pressure 
inside the bell falls and water re-enters ; there is a state of equilibrium 
the whole time. 

The illustration A shows a simple generator. A metal water tank 
is fitted with a tight-fitting lid. The carbide is contained in a lower 
vessel, which is closed at the bottom and open at the top, having- 
sides slightly cone-shaped as shown, and an upper inverted vessel— 
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the sides of winch are coiTespondingly cone-shaped — fits .elost 
the, sides. The upper vessel is fitted with an outlet pipe, 
is screwed a simple control tap. So long as the tap is ke 
no generation of gas will take place, but on being opened, 1 
under 'pressure oozes ..up., between the conical surfaces of . tt 
and runs down the inner walls to the carbide, liras causing 


lOG/r/fof 


Section of a drip 
generator which can 
be taken apart easi 
iy for re-charging 
and cleaning, 


Purifier, 


\CsrMe i: Case 


Rubber VUasber 


to generate in the carbide chamber, whence it passes out through 
the "outlet pipe to the lamp burner. The oozing action of the water 
is controlled by the balance pressure between the water head on the 
outside and the gas pressure on the inside of the generating chamber. 

The chemical formula for acetylene is C 2 H 2 0-®*? a compound of 
carbon and hydrogen). It lias a characteristic pungent odour— which^ 
at once gives 'evidence of any leakage — and is a poison if inhaled in any 
quantity. Approximately 1 lb. of good quality calcium carbide wifi 
generate six cubic feet of acetylene gas. 


Dissolved acetylene system. The gas reaches 
the lamps from the steel cylinder at normal 
working pressure. 


High-Power Headlights 
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Dissolved Acetylene 

• This system dispenses with the use of acetylene generators, and for 
this reason, and its cleanliness and general convenience, is largely 
used, as the attention required is merely that of opening or shutting 
a gas control valve and changing the used cylinder lor a fully-charged 
one. The acetylene gas is compressed in steel cylinders containing a pre- 
paration having the property of absorbing a large volume of the gas. 
The use of ordinary compressed or liquefied acetylene is. forbidden by 



Autoelipse headlamp, fitted with Section showing general arrange - 

no-glare device or non-reflecting ment of an acetylene headlamp 

disc, which can be dropped be- with back lens mirror and front 

tween flame and mirror, as parabolic reflector. The produc- 

shown. tion of the parallel beam is also 

shown by the paths of the rays. 

law on account of the inherent danger of explosion of the gas by con- 
cussion. On the other hand dissolved acetylene is exempt from this 
regulation, and may be regarded as perfectly safe to use. The gas 
is pure, and is passed through a pressure- reducing valve, so that it 


Type of acetylene burner (Bray “ Boni ”) giving a 
safe, flat, uniform flame, an improvement on the 
double-, jet form of burner which risked -cracking 
the m Lrror. The burner has a n air-in, lector passage 
lust below the slit a t the sides. This prevents 
carbon deposit forming. Inside the burner is a 
pressure-cheek device which prevents flaring. The 
slot should be cleaned, if required, by passing a 
brush across it. Wive must not be used. 


reaches the lamps at ordinary working pressure. The cylinders are 
usually mounted in a box -carried on the running board of the car. The 
exhausted cylinders can be exchanged for charged new ones at 
numerous depots throughout the country. 

High- Power Headlamps 

It is usual to provide all high-power headlamps with a lens-shaped 
mirror as the most efficient means of collecting and focussing the rays 
from the acetylene burner and producing a more or less parallel 
beam. Some lamps have a cone-shaped metal reflector at the front 
and a condensing lens. Others are made on the “ searchlight ” 
principle, the front glass being plain, but made in sections or strips 
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to avoid cracking by expansion with the heat. One of the drawbacks 
-of the high-power headlamp is the glare which dazzles other road 
users, especially in. passing through towns.; 'To obviate this _ disad- 
vantage, various, attachments tire fitted,', one of the most/ effective 
consisting of . a . ■ non- -reflecting metal disc, which can be dropped; 
between the Same and the lens mirror when ■ it is desired.; to cut toil 
the glare. This movement is effected from the driving seat by means 
of a lever and- wire arrangement on the', dash.; Another system 
.consists- ; of k number of metal strips set -horizontally across the front 
lens and screening the upward rays of light. 


Petrol-Oxygen Searchlight - 

: A lighting system ' which has been adopted to some ' extent that 
in which a stream of oxygen at low pressure is passed through a “ car- , 
buretter containing .petrol.-. This carburetter is- a, cylindrical metal 
vessel, in which the oxygen becomes impregnated with petrol vapour. 
The gas then passes along tubing -to a burner,- which allows .-a- small-: 
jet or flame to impinge on a---di.sc made of certain metallic oxides, chiefly 
consisting of rare earths, such' as thorium. This disc is raised to a 
very high temperature and glows with great brilliancy, and with a 
very small consumption of -oxygen and petrol a very high illuminat- 
ing power is obtained. The burner and disc are readily adapted to 
any ordinary headlamp. • The oxygen is carried in the usual steel 
cylinder of about 20 cubic feet capacity fitted with a pressure-reducing 
valve. ■■■.;/■" 

Oxy- acetylene Light 

In this system a very powerful - light, is obtained by means of a jet 
of the combined gases directed on to a “pastille 57 of rare earths. 
This ,;gives; the -■ theoretically ideal source of light -for "'-focussing arid : 
producing^ a long or a -divergent beam. A less intense light, can foe 
obtained from an acetylene jet without the oxygen, but it is still a much 
more powerful light than a- plain acetylene burner gives. The gases 
must necessarily be under pressure, the supply being obtained from 
the usual storage cylinders. . * 
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An example of an oxy-acetylene higlupower head- 
lamp, in which the flame from a jet of the combined 
eases is directed on to a disc or pastille containing 
rare earths, such as zircon and thorium oxide. 


Electric Lighting Systems 
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Oil Lamps 

Oil lamps still find a limited amount of application, chiefly for side 
and rear lamps. These burn ordinary paraffin or kerosene, and' are easily 
kept in order, and the upkeep of course is very small. High-power 
paraffin lamps, however, are now very little used. 

Lighting in Foggy Weather 

It is a remarkable fact that the most powerful lights, either gas or 
electric, have but a small penetrative effect in fog, "and the acetylene 
headlamps ot a car are at a similar disadvantage. It has been found, 
however, that an orange-coloured light has a much greater penetrative 
effect than a white or blue -white light. A plan now adopted is to 
piace an orange-coloured glass or celluloid screen in front of the lens 
during fog. With electric light orange-coloured bulbs may be used, 
or the lamps may have “ gold ” reflectors inside. 



Type of high -power electric lamp 
in which several filaments are 
mounted in a group to present an 
intense and compact source of 
light capable of being easily 
focussed. 



Section of an electric headlamp, 
showing general arrangement of the 
mirror, bulb, and front reflector. 
This isacombinationof the search- 
light and parabolic principles of 
lamp construction. 


Electric Lighting 

The application of electricity to car lighting has developed enor 
mem, sly, and it is probable that it will eventually become the standard 
system of lighting on all types of cars. Practically every motor lamp- 
making concern is now supplying electric lighting sets, -.either exclu- 
sively or as supplementary to the making of acetylene lamps. In 
previous editions of this handbook it was explained how electric lighting 
on a small scale could be effected by the use of an ordinary accumu- 
lator, and by the conversion of the usual oil or acetylene lamps into 
electric by the use of fitments known as electric adaptors. Whilst the 
methods previously, described are still applicable to those who do a 
limited amount of' night driving and have facilities for recharging the 
accumulators, and who also do not desire to go beyond a nominal 
expense, most car owners will appreciate the great advantages of 
having a self-contained electric lighting set fitted permanently on the 
ear. 
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The dynamo lighting .set has now reached & point of very high all- 
round efficiency.. Its output- of current has been 'greatly increased : so 
that lamps of high candle-power can be run from it, and at the same 
time the weight, size and speed of the dynamo have been reduced. 
The only working component, apart from any special details that con- 
trol the output, is the armature, and as this runs on ball bearings it 
needs very little attention beyond lubrication at infrequent intervals. 
The brushes and commutator are made very durable and accessible 
for . .adjustment, arid at the same time the machine is thoroughly 
weatherproof. Since; car manufacturers have in a large number of 
instances undertaken to provide, the necessary accommodation near the 
engine for a dynamo, the one outstanding difficulty in the matter of 
installing such a set has disappeared. 


Lighting from a Bynamotoi? 

The important characteristic property of a dynamo, namely, the fact 
that it can act as a motor if current be sent into it from an accumulator, 
is taken advantage of now in several machines' designed specially for 
lighting and starting with a single unit instead of using a separate 
dynamo for lighting and a separate motor to start the engine. The 
single-unit machine economizes space, and in some instances is lighter 
than two separate machines. The one accumulator serves for the two 
purposes, viz., lighting and starting : although it is usual to employ 
a battery of 12 cells, giving 25 volts, and use half this voltage for 
lighting by adopting a three-wire system of connecting up the lamps. 
The full voltage is only required for the starting current, which may 
be anything between 50 and 120 amperes for a few seconds. 


Principles of Modern Automatic Systems 

There are many automatic systems available now, .consisting in 
principle of a small dynamo driven from the engine, which , beyond a 
certain minimum speed, charges a battery of accumulators. Most of 
these machines have some special device incorporated in the design 
which keeps the output of current approximately the same through a 
wide variation of speed, and thus excessive charging of the accumu- 
lators is avoided. if or example, a dynamo may be arranged to give 
a minimum output of 12 volts and 3 amperes at 800 revolutions of its 
armature per minute. At this speed. it “ cuts in ” or closes its charging 
circuit automatically, then up to a speed of, say, 3,500 revolutions its 
output would not increase beyond 10 amperes, this figure representing 
its maximum output, which "would, in fact, probably be reached at 
2,000 r. p. in. ; thus the current variations are nob excessive, and any 
well-made accumulator is not likely to be in the least adversely affected. 
In theory the idea of the accumulator is simply to act as an electrical 
flywheel, the greater part of the lighting current being supplied by the 
dynamo and very little actually taken from the accumulators, except 
when the engine is stopped, As^ an example, the Eotax Leitner system 
may be referred to. It comprises a self-regulating dynamo of 'small 
size, which may be driven hv gear or belt, a cut-out device and battery 
of cells. There is an auxiliary device, consisting of a- combined switch- 
board, with charging ammeter and set of safety fuses. The automatic 
cut-in and cut-out may he had fitted on the "switchboard if desired. 
The dynamo shown takem apart gives an output of 90 watts at a 
very moderate speed. The armature, which is of the slotted -drum 


137 


Lighting by Dynamo" 

fype,, as shown, is mounted on ball bearings, and the machine is 
quite dustproof. It is quite free, of working parts, there being merely 
the . ordinary armature and carbon brushes, which are self-adjusting. 
The only detail that distinguishes it from any two-pole enclosed 
dynamo is the provision of an extra pair of brushes, and it is these 
which effect the automatic regulation. The extra pair of brushes form, 
as it were, a, simple series connection between the two field magnet coils, 
the other or main pair of brushes being connected up as in any ordinary 
shunt dynamo. Expressed in simple terms, these extra or neutralising 



One arrangement of C.A. V. dynamo and control switchboard on the dash. 
The drive at rear of dynamo is taken from the camshaft of; engine. 


brushes draw off a current from the armature in direct proportion to the 
increase of speed which opposes the main exciting current, and produces 
a perfect state of balance in current output, so that it is impossible to 
detect any variation in the movement of the voltmeter needle. At very 
low speeds the auxiliary brushes aid the excitation of the field, but as 
the speed increases the armature distorts the field more and more, so 
that the auxiliary brushes work in a reverse field and reduce the main 
excitation. 

The Position of the Dynamo 

The mounting, of the dynamo on the car may be effected in a 
number of ways. For example, it can be installed on a standard 
four-cylinder car in the space between engine and forward end of 
the frame, just behind the radiator, the drive - being by gearwheels 
from the half -speed shaft, or it may be driven by belt from a pulley 
on the clutch .shaft, in which case it would be mounted on a cradle or 
bracket bolted to the frame. Tire wires should preferably foe carried 
in flexible metallic tubing, giving protection from wet and injury. 
The dynamo is arranged so : 'that it never runs on open circuit when not 
required to supply lighting current. A two-way charging switch, 
when in the “ off 19 position, 'automatically inserts" a resistance in the 
dynamo field coils, which reduces the output to a very small amount. 
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A very simple type 'of lighting dynamo is one made on the elementary 
lines of a magneto. Instead of having wire-wound magnets it has a 
simple set of permanent steel magnets. Between the soft iron pole 
pieces there rotates a drum-wound armature with its commutator. 
The cut-in and cut-out device is mechanically operated. It consists 
of a small pivoted lever, which has a platinum contact at one end. 



Diagram of field-magnet system 
and windings of a standard 
lighting dynamo. In this (the 
Brolt) system the two small, 
unwound poles are used for out- 
put control. The series of 
horizontal lines between the 
positive and negative leads 
indicate the battery. 


At a given speed the centrifugal force acting on the lever forces the 
contact against a fixed contact, and thus closes the circuit. Tin’s 
device is combined with the armature. 

The shaft runs in ball bearings, and a pair of carbon brushes to 
collect the current complete the essential parts. This, machine, 
whilst not giving so steady an output of current as the more compli- 
cated dynamos, has to some extent self -regulating properties, insomuch 
as what is known as “ armature reaction/’ which increases with the 



Drum-wound type of dynamo armature. The coils are wound 
in slots formed in the iron core, which is built up of stampings. 


speed, tends to weaken' the field of force. Moreover, the magnets 
themselves do not produce a variable strength of field as the electro- 
magnet does, so that it is found in practice that once a certain 
armature speed is reached the current output remains constant at 
* any increase of speed. Another successful and simple form of dynamo 
has wire- wound magnets, but all complicated current control devices 
are avoided by making the armature run on a free wheel mounted 
on the shaft. On closing the charging switch, should the dynamo 
have not reached its excitation -speed the armature simply “motor- 
izes” till the back voltage from the cells is overcome by the charging 
voltage. 


Electric Lighting 

Automatic Systems 
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Clutch- Control 

Of the various mechanical attachments to lighting dynamos, the 
clutch, in some form or other, is used on several types to prevent over- 
running. The clutfeh is adjusted so as to begin to slip at a pre- 
determined speed. The slipping action of the clutch is effected by 
centrifugal force, that is to say, it causes a slight withdrawal of the 
friction cone. This form of clutch is usually arranged in the pulley, 
and lubrication is provided for, so that wear and tear are reduced to 
a minimum. 

Size and Output ©£ Lighting Sets 

Dynamos for car lighting have increased in output considerably in the 
last few years as the demand for greater lighting power has increased. 



A. method of installing a lighting dynamo inside the chassis frame, and driving by a belt 
from a pulley mounted on the clutch shaft. A V-section driving belt is often used, 
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The smallest practicable sets now have an output of 50 watts, the 
largest reaching' 300. watts. In cases where much night work is done., 
and very powerful lamps are required, a large output set is ^necessary, 
especially if, the day .driving is limited, as the cells thereby do not 
get charged except when the lamps are in use. It is important that the 
dynamo should always generate slightly more current than the lamps are 
actually consuming, otherwise the ceils will be gradually exhausted of 
current. For a moderate power touring car of the open type a set 
giving 100-120 watts will give ample illumination if well designed lamps 
be used. Large, ■enclosed cars of the limousine and Berlins type re- 
quire higher output sets. 

Switchboard and Lamp Control 

Each of the many systems new in use embodies a specially designed 
switchboard, which is fitted on the dashboard of the car. This has 
fitted on it generally two instruments, an amperemeter and a volt- 
meter ; the former indicating both the charging and discharging rates. 
Each lamp or pair of lamps has a switch provided, although there is 
also what is known as a “combination” switch used on some switch- 
boards, all the lamps being controlled from one switch instead of 

Parabolic Reflector 


The light from the bulb is col- 
lected! by the enclosing parabolic 
reflector and projected forward 
in a powerful beam, which grad- 
ually diverges and lights up the 
whole road. There are not two 
distinct beams, but the powerful 
central rays gradually merge into 
the soft outer fringe, thus pro- 
viding a perfect driving light 
with a maximum range and a 
minimum of glare. 


having a set of separate switches. This obviously simplifies the switch- 
board. Provision is usually made to connect an inspection lamp to the 
switchboard by an ordinary plug contact. The electro-magnetic cut-in 
device for the dynamo used on a number of systems is fitted inside the 
switchboard. 

The Battery 

The principles of an ordinary accumulator have been dealt with in 
the ignition section. .Lighting accumulators do not differ very much 
in principle and manipulation. The dimensions are greater, and the 
number of separate cells used ranges from o up to 8, that is, 6 volts 
to 16 volts, the latter being exceptional, and only required for verv 
powerful head-lamps. The battery is usually fitted in a box, which 
is mounted, on the running board, but if" there is room it can 
be carried inside the chassis on special brackets. Accumulators for 
lighting are now specially designed mainly with, regard to the strength 
of the plates, so as to withstand the special conditions. It is not 
advisable, to use ignition cells for lighting, as the plates are not strong 
enough. 




Bosch constant voltage, variable speed, lighting dynamo. 



Lodge dynamo with permanent field-magnet system, switchboard with 
push-in switches, and illuminated ammeter and voltmeter. 
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Arrangement of Circuits 

The wiring' circuits of the many lighting sets, vary in detail, though in 
principle there are several similarities. Each maker issues a wiring plan 
in the descriptive list of the set, and this has to be followed. \\ ith the 
exception of "the rear lamp and its indicator lamp or “ tel] tale,” which 
have necessarily to be connected in series so that the same current passes 
through each lamp, all the other lamps are connected in ** parallel,” i.e., 
each has an independent circuit from 'the main supply, and the control 
of one lamp does not affect the others. Thus it is possible at will to 
have one side lamp and one headlamp lighted, or both complete sets, or 
only one of each. Similarly, any interior or auxiliary lamps will have 
independent circuits, each forming a branch to the positive and negative 
main leads, which, are brought into the switchbox. Here is usually to 
be found two brass or copper bars with a number of screws or terminals 
on, arid it is from these that each circuit is tapped off. The application 
of what is erroneously termed the “ earthed” system of wiring is based 
on the use of the outer metallic braiding over a single well-insulated 
wire as the return part of the circuit. This makes in some respects a 
neater system of wiring than the use of separately-insulated conductors, 
and the whole circuit has a lower resistance, which effects an. economy of 
current, insomuch as all conductors cause some loss of current. The 
single conductor system, however, necessitates the use of special fittings, 
lamps and lamp-holders as compared with the standard system. 

Constant-voltage Dynamo for Direct lighting 

Several car-lighting dynamos are now made that have such excellent 
voltage control over "a wide range of speed that the lighting can be 
done direct from the terminals of the machine, in which case the bat- 
tery, so far as it is a necessity, need be but a small size that will supply 
enough current when the dynamo is not running to light such lamps 
as may be required, such as a side and a tail lamp. Once the dynamo is 
running, the battery can be switched off, as the constant voltage of the 
dynamo ensures that the lamp will maintain a steady brilliancy at any 
speed the car is driven at. In some of the latest sets the battery is 
automatically switched off immediately it is charged up. This avoids 
the risks that arise from overcharging. 



Section of a standard type of headlamp with 
parabolic reflector and focussing adjustment. 



An example of a wiring system for complete set of lamps tor a large ear. Each thick line represents two conductors forming a complete circuit. 



. CHAPTER X 

The First Steps in Practical Motoring' 
Considerations of Outlay, Storage, and Upkeep of a Car 

To become a car owner and driver is, nowadays, a simple matter, 
thanks to the great simplification of car mechanism and Its practically 
perfect reliability and efficiency. One may start motoring as a com- 
parative', in fact an absolute, ignoramus on mechanical matters. The. 
prospective motorist must, however, first study the. question of finance. 
This is the dominating factor. How much can the prospective car 
owner afford to spend on a car .and accessories, a certain amount for 
tuition in driving, etc., and accommodation of the vehicle? This all 
means a certain Wu cash down. Then- comes the . question of future 
outlay. This bears a fairly constant ratio to the initial outlay. Largo 
cars with considerable engine power necessarily mean a big price or 
initial outlay, the taxes on them are heavy, and the cost of maintenance 
is relatively large. A permanent attendant or chauffeur at a fixed wage 
is a sine qua non , and then there are the items of tyre upkeep, fuel 
supplies, etc. 

At the other end of the scale we have the small car with minimum out- 
lay, with small running and maintenance costs and low taxation. The 
owner can quite well look after it and drive it, with, at the most, a 
nominal amount of outside assistance for cleaning. As regards accom- 
modation, in either case the owner may provide it himself, but it is 
noteworthy that a feature of modern suburban house construction is the 
provision of a motor house to accommodate one and sometimes two cars. 
He may, however, be favourably situated in this respect, inasmuch as 
there is a stable or coach-house on his premises which can be turned to 
good purpose, or he may have a piece of ground he can spare at the rear 
of his house, and on winch he can have erected a motor-house. This he 
can purchase ready-made in timber and galvanized iron, either new or 
second-hand, without any difficulty. 

Private Motor House y. Garaging 

A motor-house is not necessarily a fixture, so that there need not be 
any infringement of landlord’s rights if the premises are not one’s own. 
It* stands to reason that the general type of car must be settled on 
beforehand if a motor-house is being purchased, and in seme cases the 
two questions would have to be studied conjointly ; that is to say, the 
prospective motorist may have a coach-house or outhouse of* very 
moderate dimensions, and at the same time be very desirous of having 
the car under his own immediate control, in which case he would have 
a car to fit- the accommodation available. The alternative is to increase 
the accommodation. 

Then there is the method of garaging the car locally at a fixed sum 
per week, month, or quarter, or, what is often a more economical plan, is 
to look put for vacant stabling or coach-house accommodation at a con- 
venient distance from one’s home. In a fairly populous residential neigh- 
bourhood this is very often a simple matter, especially if one places a 
small advertisement in the leading local paper inviting offers of suitable 
premises on low terms. In negotiating with the owner, a clear and 

144 


Garaging and Insurance 


definite understanding in writing as to the terms of letting such pre- 
mises should be had, otherwise difficulties may arise at some future' 
tame. This is the case especially m regard to lire insurance. _ Suppose 
there are premises adjoining owned by someone else and a fire broke 
out, and perhaps wholly or partly destroyed the ^motor-house, the. 
probability is that the owner of the property would seek to lay the 
blame on the motorist, and even if he did not, the insurance company 
would dispute any claim made on the ground that a motorcar was 
stored on ' the . premise's .without an agreement being made with them': 
as . to risks, ■ 


Insure to Cover Sisks 

The owner of the car, in any case, must take risks; of theft ; many 
cases of private motor-houses being broken into and the car stolen have, 
indeed, occurred. It pays, therefore, to insure against theft, and also 
fire. Insurance' policies are now so easily obtained to cover all risks 
: connected with the driving and storage of a car that* the car owner 
should not hesitate to take one out. 

With regard to garaging a car, it is necessary to use judgment and 
care before entrusting one's property. There are garages;- and- places 
called garages, which do not at all justify the title being applied — the 
word “-shanty " would, indeed, be much more applicable. One likes to 
know that the car is properly under cover, and placed where it can bo 
got at with the least- delay. Furthermore, it is only exercising ordinary 
prudence in settling on a garage for the car to choose a reputed and 
well-established concern rather than — for motives of economy — risk put- 
ting up at a place of the “ here-to-day-and -^one-to-morrow ” order. 
Bo far, so good ; the prospective motorist understands that, with the 
necessary cash in hand, he can get the car and arrange for storage, etc., 
but he is then confronted with the problem what make and type must 
lie get, and how is he to set about learning to drive it? The prospec- 
tive motorist will find details of excellent "cars of all types and prices, 
in the advertisement pages of “The Motor >y and in the special New 
Car issue published early in the year, and can note the names and types 
of those cars which are within his price, and, in asking for fuller details, 
it is always advisable to specify what sort of work the car will have to do. 

For example, a medical man's requirements are not quite the same as 
those of a week-end motorist. The latter would take his car out, pre- 
sumably mostly on fine week-ends, and select his roads. The former 
would require to use his car every day, in all weathers, and on all kinds 
of road, rough or smooth, level or hilly. The equipment would vary in 
the two cases, and a given sum can only be laid out to the best advantage 
by consideration of the respective requirements. 


Learning to Drive 

To learn to drive there are two courses open. It is best where 
at all possible to make an arrangement with the agent with whom the 
order is placed to have a short course of lessons on a similar type of car 
though it need not necessarily be the exact model. Many agents will 
do this for a reasonable sum, so that when the car comes along- from the 
makers it can be driven and handled with a feeling of confidence 
which would not- be the case had one learnt to drive on another type— 
probably very much out-of-date. The other course is to go to a driv- 
ing school, but, like the garages; there are schools and schools— some 
give efficient instruction and have an adequate equipment of ears and 
fittings, others give but a poor return for the fees paid. In London and 
several of the large provincial cities there are well-established schools 
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of motor instruction, 'the. advertisements of which appear regularly in 
‘" The Motor.” Whilst a reputedly good place should be chosen, 
the pupil should refuse to pay exorbitant fees. The Royal Auto- 
mobile Club, Pall Mall, London, S. W.y has investigated the claims 
of most of the schools of motor instruction advertised in the Press and 
information regarding any of them can be had on application to the 
secretary. The would-be motorist, after ordering the car, should 
take out his driving licence from the motor licensing local authority 
for the county he resides in, usually at the town hall or council offices 
in the county town {even whilst learning to drive on another car he 
must have a driving licence), obtain a registration number front any 
county authority, get a pair of plates made, and the number painted 
on, so that he can fix them on tlie car as soon as it arrives. Finally, 
he must pay the revenue tax (see scale of taxes) immediately he takes 
delivery of his car. He can obtain an official form and pay the tax 
at any money-order office, although, in many cases, the local registration 
authority can issue such licences. 


Choosing a Suitable Car: Features to Consider— What i® 
the Work Required of it ? 

This is one of the first questions to be answered. For pleasure 
purposes only a standard type of body may be chosen, but for business 
uses the selection is more restricted should any particular requirements 
in the matter of accommodation have to be met. Then the county it is, 
intended for use in is a great consideration. Confined to any particular 
district, a car with a «iven gear and engine power may be advan- 
tageously adopted which would not give perhaps universal satisfaction. 
Thus in a flat district a low-powered car will do efficiently and infinitely 
more economically what in a hilly country would necessitate perhaps 
twice the power 'to do the work at all. Most cars will “climb any 
hill,” for instance. True, but this may mean only at a slow pace, 
which becomes too tedious in a really hilly district. Whether it is 
intended to keep a mechanician to look after and drive the car, or 
whether the ovrner proposes to do either or both of these things him- 
self is another point to be considered. There is a limit to the size of 
car which an owner can, if it is in constant use, attend to in all 
respects personally with success, unless lie be a man of leisure and, 
moreover, keen enough to put up with much of the drudgery in- 
volved. To obtain the best results in running and the greatest economy 
in upkeep, and it must be remembered that constant attention must be 
paid to a car when it is at home, and where the average man can easily 
find time to do ample justice to a moderate-sized car, a large one might 
be too much for him in the amount of attention required. 


Cars for General and Tonring Purpose® 

These comprise vehicles which meet the requirements of professional 
men such as doctors, inspectors, surveyors, and so on, ranging from the 
smallest two-seater of 8-10 h.p. to ears of from 15 to 30 h.p., and pass- 
ing by easy stages to, larger and more powerful touring cars capable of 
accommodating' perhaps eight passengers and their personal baggage 
and of maintaining a high average of speed. Whatever type be decided 
upon for purposes such as are under discussion, a maximum of strength 
and a low weight are cardinal points to keep in view, so long as the 
former , is in nowise sacrificed to ensure the latter. Light weight in 
proportion to power is one of the most important factors in determining 
the hill-climbing capabilities of a car, hill-climbing being, in this country. 
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Choice of Bodywork 

the great test of efficiency. A moderately long wheelbase gives a more 
handy car than does some of the types which the modern form of body 
has called into being. These very long cars are unwieldy on narrow roads 
and at awkward turnings, and, on the other hand, too short a wheel- 
base does not give the same smoothness of running and immunity from 
the tendency to sideslip that the happy medium does. - Another feature 
to be avoided from a sideslipping point of view is any prolongation 
or ovevhang v of the body behind the rear wheels. 

What Type of Body is Most Suitable? 

Putting aside for the moment the case of those who, from considera- 
tions- of price alone, would confine themselves to a ear of power and 
size suited for a two-seated body only, it is in. many cases a better policy 
to have a' four-seater. Though" the back seats may only be used once 
in a while, they are, nevertheless, too often wanted if not there, and 
me advantages of. being able to give friends a lift and of having 
plenty of room for luggage and parcels are well worth the extra 
cost/ so long as the buyer can afford to pay for the slightly larger 
chassis, and perhaps a couple of additional horse-power in the engine. 
On most two-seaters of not very low power a light, detachable, • rear 
single or dickey seat can be arranged for if specially desired, but this 
increases the cost considerably. 

Body Can be Made to Requirements 

Although many cars are sold with a standard type of body, a very 
general practice now is to buy the chassis only, and then have a body 
built to meet one’s individual requirements by one of the many specialist 
concerns in body making. The design of bodywork changes quickly, and 
it is desirable to obtain the latest improvements. Minor ones can often 
he introduced during the course of construction of the body. The 
weight of bodies of any given type varies considerably, and when extra 
lightness is required the makers adopt special means, such as the use 
of aluminium to a considerable extent, as well as modifications in the 
design. 

Protection Against Unfavourable Weather 

The folding hood is the simplest and most serviceable form of 
removable cover, and, in combination with a glass windscreen and 
suitable side curtains/ will transform an open car in a very few minutes 
into a t-olerably weather-proof vehicle. Any form of windscreen and 
hood will detract from the speed of a car, but, by reason of its light- 
ness and convenience, the Cape hood is the best all-round protection 
to adopt. Of course, the landaulet body, coupe, brougham or limousine 
may equally be fitted, but these all add" considerably to the weight, and 
necessitate a proportionate Increase of engine power. 

The Scuttle Dash 

The introduction of the deep scuttle form of dash has increased the 
degree of comfort obtainable for the driver and front passenger, whilst 
for the owner-driver who wishes to have complete protection the all- 
enclosed body, in which the steering wheel and gear-change lever are 
inside, is in every way suitable;. For open cars during fine-weather work 
a windscreen protecting the rear passengers is now much used. This 
prevents the eddies and side draughts so much felt when only a front 
screen is used. The streamline body with flush sides is’ now the 
standard for the open touring car. 
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The Question of Outlay 

Here lies the crux of the whole matter, and when once the pros- 
pective purchaser has made up his mind to become an actual buyer, he 
should fix a price limit. With many -people this fixes itself ; that is 
to say, their means enable them to decide in a very short time how far 
they can go. In any event, to arrive at a maximum figure is the first 
step towards that process of mental “weeding out” which has to be 
gone through when so many and so great a variety of values are 
offered. Gars can bo obtained at prices from £125 for a plain two- 
seater upwards, and in all calculations a sum of not less than, say, £20 
for a small car, and so on in proportion to size, will probably have to 
be laid out in addition to the purchase price, in acquiring those acces- 
sories, spare tyres and tubes, tools and lamps, which are necessary, 
and all of which are by no means invariably “ given in ” with the car. 
The cheapest four-cylinder car to carry four would cost about £150, and 
from that sum upwards an immense variety of four-cylind-ered vehicles 
can be had, according to power, the average price for one about 15 h.p. 
approaching £300, though there are reliable cars of that power which 
cost- less than that sum. 


The Cost of Running 

Closely allied with the important question o£ original outlay is that 
of running cost, which must be taken into calculation to a certain 
extent when buying. The size of the bill for upkeep bears, of course, a 
direct proportion to the mileage done. As regards fuel consumption, 
the item will not be found a large one in any car up to, say, 15 h.p., 
unless there is some radical defect in the system or temporary want of 
adjustment-. In large and heavy cars the petrol bill quickly mounts 
up. The largest item in the cost of running is always that for tyres, 
and this charge becomes heavier as the speed increases, and is, of 
course, again directly proportionate to the mileage run. 

It is not possible to give any reliable figures which would be generally 
applicable, although it may be said that to obtain less than 3000 mile's 
from a rear tyre and 4500 miles from a front tyre is not a usual 
experience with careful driving, but the statement "may be made that 
no man who can afford, according to his means, a car up to, say, 15 h.p,, 
is likely to be frightened at the cost of upkeep unless he is very careless 
in his choice of a car, and, moreover, very unfortunate subsequently 
in the handling of it. 


Petrol Con sumption 

The small 8 h.p, two-seater cars are the most economical. With a 
well-adjusted carburetter the average ranges between 35 and 40 miles 
per gallon, according' to road and weather conditions. The four-cylinder 
10 h.p. to 14 h.p. cars run from 28 to 35 miles per gallon, whilst the 
14-18 h.p. four-cylinder cars range from 25 to 30 miles per gallon. 
Above this power, and including heavy -bodied, all-encloscd cars with 
full load of passengers, the consumption may be anything between 12 
and 18 miles per gallon, according to circumstances. "These figures must 
only be taken as a general guide, as so much depends on the conditions 
obtaining. With benzole used as a fuel, it should be remembered that 
these figures could be in most cases improved on. 



Testing a Second-hand Car 
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Oil and Lubricant Consumption 

„The modern ear, with its automatic oiling system for the engine, is 
very economical in the matter of oil consumption compared with the 
early. hand or semi-automatic systems. It is not possible to give any 
definite consumption figures, but even on large -cars it does not work 
out a heavy item in total running costs. Gearbox lubricant is not, as a 
rule, required to be renewed more than once in 2000 miles, and the solid 
grease used in various lubricators about the chassis is quite inexpensive. 
It pays to buy oil and grease, especially the former, in large quanti- 
ties by the drum. 

Replacements and Repairs 

Excluding what may arise from accidents and improper use, the ex- 
penditure under this head should be nominal, certainly for the first 
season. For a medium -power car, say, 16 h.p., four cylinders, an allow- 
ance of £4 should be ample for 5000 mil-es. After the second season a 
general overhaul is advisable, but even after this is done the actual cost 
of any new parts should not exceed £8,* this, in fact, is an outside esti- 
mate. In ordinary running the only replacements one has to consider 
are of a minor nature : one or two sparking plugs may give out, a valve 
spring may break or lose its tension ; a few washers on the engine may 
have to be renewed, and other items of that nature ; but the workman- 
ship and material of the modern car are so good that actual broken 
mechanical -parts are quite the exception. 

Hints on Choosing Second-hand Cars 

It is very often possible to pick up a genuine bargain in a second- 
hand car ; there is a very large market to choose from, but the selection 
of such a car is a. matter full of pitfalls and traps for the novice unless 
he is dealing with someone he knows personally and is acquainted with 
the history of the car, or a firm of good repute making a speciality of 
dealing in second-hand cars. It may be accepted as an axiom never to 
buy a second-hand car without it first undergoes examination and trial. 
There is no difficulty in getting an expert examination and test made 
by an independent specialist in this class of. work from two guineas up- 
wards. If circumstances render it necessary to rely on one's own 
judgment, and the vendor’s statements, the latter should be clearly 
expressed in writing and signed by the vendor in case any dispute 
arises. It is, however, unreasonable to expect definite legal guarantees 
in the ordinary transaction. 

A great deal might be written about the features of good and bad 
second-hand cars, but the following general particulars may be used as 
a fairly safe guide. It is most important to know the age and type, 
and whether the makers are stilF in business, ' with a view to being 
able to get any spare parts or special. repairs done, apart from the fact 
that a type no longer made tells against a. future sale. The bore 
and stroke of a cylinder should, if possible, be verified; the former, in 
any case, must be known to fill up the taxation form. Some idea of 
the nominal power of the engine can be got by applying one or other 
.of the formulae given in another section of this book. 

"Many buyers of second-hand cars have been deceived in the matter of 
engine" power, and have found later on that what they bought is of 
lower power than they had been led to expect. Do not get an anti- 
quated or ugly -looking model, as it will probably have to be sold again 
some day, and appearance tells much in its favour or otherwise. As to 
general condition— the gearbox should be inspected, and condition of 
gearwheels will show how much wear it has had. If chain drive is fitted 
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wear can be judged by .'the condition of the teeth and chains. The bock 
axle should be jacked up and the wheels revolved to see that they are 
true in the running and firm on the bearings. The same with the 
steering wheels, and. also. the steering gear ; any: considerable amount yt 
backlash is a. sign of hard wear, but it is a defect which can be 
rectified. Tyres should be examined on the.' tread, . and the size and 
make taken note of. Inquiry should then be made of the tyre makers, 
or their latest catalogue referred to. to make certain that, the particular 
size of tyre can still be obtained. Some of the early -pattern cars were 
fitted with tyres of a size now obsolete, but there are not many of these 
cars offered nowadays. 

The engine should* be tested to see that it has good compression and 
runs fairly smoothly. Any knocking or rattle is a bad sign. It should 
respond easily to the ignition and throttle levers, and slow down to 
quite a small 'number of revolutions. The radiator system, tank, pump, 
etc., should be closely examined to see that all is tight and sound and 
no hotched-up leaky places exist in the system. It should be noted that 
the water does not boil v as this would probably indicate a choked or 
otherwise defective system. Try all levers, pedal and brakes, and see 
that they operate — especially the brakes. 

Examine the ignition system : if high-tension magneto, there is not 
likely to be much amiss should the engine start easily and run without 
misfiring ; if the older system, see that the coil gives a good spark. 
Accumulators with a dirty, muddy interior is evidence of a bad con- 
dition. The fitting of a magneto and a n up-to-date carburetter generally 
improves tile running of a second-hand car. 

The Hill-climbing Test 

Finally, there is the best test of all — running the car with its full 
complement of passengers or equivalent weight in the shape of ballast. 
A minimum run of 25 miles should be made, with at least one really 
stiff hill on the way. The actual grade of this hill must be 
approximately known. It should be, for some portion at least, as 
steep as I in 8. A car which will not go up such a hill with- some 
reserve of power available is of little practical use, except as a run- 
about on level roads. Note * how the various gears change. They 
should operate quite smoothly and without any of that objectionable 
nerve-racking grind characteristic of worn-out gears. Try the reverse 
gear, and ako see that one set of brakes is quite equal to holding the 
car on steep hills. Immediately after the run place your hand on 
the wheel bearings, and also those of the engine arid gearbox, to 
note that they are fairly cool, showing that they are in good condition 
and well lubricated. The condition of the springing is an important 
factor, best judged by running over a rough or paved road. Very old 
springs often have no life or resiliency left in them. Too much import- 
ance should not be paid to the matter of polish and varnish about a 
second-hand car. The condition of the mechanism and its running 
capabilities, type and date are the true criterion s of its value. The 
novice must remember that such things as aluminium paint, metal 
polish, leather revivers, and coach varnish may cover a multitude of 
sins — otherwise serious defects in the vitals of a- car. It is very often 
well worth while, if a second-hand car is found quite satisfactory a, a 
regards the engine and transmission, to send it to a coach, builder for 
repainting and varnishing; and, if necessary, re-upholstering. The 
result will be found to justify the expense. 

As to the price one should pay for a second-hand car, it Is impossible 
to lay down any rule. This is a point where expert •examination is 
most useful in determining the value. 
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‘ • Preparing a Car for the Road 

It is not proposed here to deal with the question of the “ general 
overhaul,- because, in the best sense of - the term, this is a workshop 
job, to be tackled only by skilled mechanics. It is not unusual for 
a car owner, whose experience extends over a season or two, to ask 
a motoring acquaintance if there is anything lie ought to do to his 
'car before lie takes it out for the first run. It will be assumed that the 
car .is not a new one. It may be a second-hand one or one that has 
not had any special attention since sent out by the makers. The chances 
are a hundred to one that the answer he will get will be that he 
ought to give it a general overhaul.” What this really means is that 
practically every working part would have to be dismantled, dissected, 
and closely examined to see that everything is in normal condition. 
This is not the sort of process a good class modern car should need 
subjecting to under three seasons’ use at least, and even this is not 
saying that it is then an actual necessity. 

What it is proposed to convey is probably best expressed by the phrase 
“ going over the car,” although this term is somewhat elastic, according 
to whether the car owner has had some mechanical experience or other- 
wise. There are, of course, a- large number of adjustments on a car 
which require , merely the application of common-sense and those in- 
valuable qualities — oare and method to carry out. There are other 
adjustments that are not exclusively workshop jobs, but nevertheless 
necessitate some acquired mechanical skill to do properly. 

Testing and Restoring Compression 

We will begin with the engine, as this is far and away the most 
important component of the car. No engine ever pulled well with 
feeble compression, and in nine cases out of ten the compression 
as usually declared “good ” would, if actually tested by a gauge, be 
found no better than “ fair.” This useful instrument, i.e., a com-, 
pression gauge, is obtainable at any large accessory house. To use it, 
the sparking plug is unscrewed and the gauge temporarily screwed in 
place of it. A pull round -of the starting handle will cause the com- 
pression to be indicated on the dial of the instrument-. It should range 
from 75 lb. to 85 lb. if the engine is in good order. The condition of the 
valves — faces and seatin gs — should receive the fullest consideration. The 
A B C of valve grinding is dealt with in another section of this volume. 
When the work is thoroughly done, just test the edges of the valve caps 
when screwed down tight. With the finger smear a little thick gear 
oil right round the joint whilst someone pulls the engine steadily 
over the compression. Watch for air bubbles; if none appear all is 
well. If they do appear, loosen the cap, give the washer half a 
turn, and screw up again very tight. If the result is no better, take 
off the cap, and, with, a well-paraffined rag,- 'scrupulously' clean all 
the contact surfaces; remember that a particle of hard grit may spoil 
a joint. It may be that new washers may be required to replace 
one or other that has deteriorated. The grinding in of the valves 
may be followed up with advantage by adjusting the valve tappets. 
Remember that correct adjustment makes for efficiency 'and silent 
running. A season’s running will have caused the disappearance of 
the original adjustment. It is assumed that the tappets are adjustable, 
as every standard make of car should have them. 

The rule for tappet adjustment is to allow the minimum clearance ; 
this is to ensure the valve closing when it is working at its normal 
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heat. In obedience to the physical law of expansion of metals, a. 
valve will be longer when hot than when cold. In practice it will 
be found that l«64th inch space between tappet and end of valve stem 
will allow for expansion. If the clearance is too small, it will bo 
quickly detected by the cylinder not holding compression when it is 
lolly warmed up ; as then the valve would be permanently, though 
slightly, lifted, off its seat. As a suitable gauge a slip of tin, quite 


Compression gao ge lor screwing 
into the cylinder, temporarily in 
place of the sparking ping, to test if 
the compression be strong or weak. 



fiat, and No. 28 standard wire gauge, will do^ nicely. Particular 
care should be taken to secure the lock-nut under the tappet cap, 
otherwise the advantage of delicate setting will be quite lost, as the 
cap will be liable to work round under the effect of engine vibration. 


Gauging Sparking-Plug Points 

It is desirable to take the sparking-plugs out, clean them in petrol-— 
for this purpose a small stiff-bristled brush is best to remove carbon, etc. 
— and gauge the points. This latter operation is much more important 
than even some experienced motorists are aware of. It may never 
have been necessary to take a plug out in a previous season’s running: 
nevertheless, they should come out on this occasion. All plugs should 
have adjustable electrodes, because th-e gap is prone to widen owing 
to fusing of the electrodes under the great calorific effect of the magneto 
spark. Some magneto plugs, however, have multiple electrodes 
which are not adjustable. Gauging should be very accurately done. 
It is net unusual to hear one motorist advise another to set the plug 
points to the “ thickness of his thumb nail ” or “ of a piece of stiff 
brown paper.” Take halt* a millimetre as the gap standard, get a small 
piece of sheet metal of this thickness and keep it. In the standard 
wire gauge No. 25 is just half a millimetre. Set the points to just 
admit the gauge friction tight. It must be assumed that the plugs are 
perfect. It is better to reject a doubtful one, i.e., one with signs of 
cracks in the insulator, defective packing (causing a “ blow ” or leak) 
or stripped terminal ends. Finally, test the seats with oil as done 
for the valve caps to see that the joint is compression tight. 

The Magneto 

From the plugs it is an easy transition to the ignition system in 
general. The magneto itself should require no more than a careful 
inspection of the make -and -break platinums. These should be tested 
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nn to having the correct/ distance adjustment according to the 
gauge which most makers now send out with the machines. It no 
such gauge is to hand, use the half-millimetre plug gauge, which 
suits most machines. Some adjustment will certainly be required, 
and it is quite possible that the platinum contacts may require trim- 
ming. This may only be a slight amount, such as can be effected 
by introducing a slip of fine emery paper in between the contacts 
and drawing it through them a few times. 

The Carburetter* 

The carburetter next claims attention, but it need not be assumed 
that it requires dismounting and taking to pieces. The needle valve 
cii most carburetters is readily got at, and it will repay the time 
spent to regrind the valve on its seating with a touch of crocus 
powder, or • rottenstone and oil. This done, the valve and float can 
be replaced, and the fine wire gauze filter or strainer generally fitted 
in the milled cap at the base of the carburetter carefully cleaned. 

. This- is all that should be required to be done to- the carburetter, 
but it will be opportune if the throttle connections are just looked 
over, because it is not unlikely that some backlash may exist which 
can readily be taken up by giving the nipples on the ends of the 
control rods half a turn or so and securing them. Attention to this 
detail will ensure the throttle acting properly. A petrol strainer is 
provided between the tank and carburetter; this must be thoroughly 
cleared from grit- and water. 

The Lubricatipn System 

The matter of regular lubrication to all parts of the running gear, 
and especially to the engine, is, of course, of prime importance. The 
difficulty,; however, in dealing with it in an article of this kind is that 
there are scores of different lubricating arrangements, and one can 
therefore only say, whatever system is installed, see that it works. 
Should the car he an old type, fitted with exhaust pressure control 
of the lubrication, it is well to keep in mind the defects that are 
prone to develop. As the pressure is tapped off the exhaust pipe, 
to which the pressure pipe is connected by an. ordinary, screwed 
union, it will be a simple matter to make sure that the pipe is clear, 
•by passing a stout wire along it a few times. Its weakness lies 
in choking up with carbonized oil. It is an equally simple matter to 
make certain that every oil .lead to the various bearings is quite clear. 
By noting that the oil drips from the sights steadily and there is no 
accumulation of oil in the sight-glasses, of course it follows that the 
oil roust be passing clown the tubes. It is just as well to make certain 
that when the oil reaches the end of the tube it goes into the bearing 
intended. Leakage has been known to take place at the unions through 
these being slack, which meant that only a fraction of the oil reached 
the place intended. In cases where the oil supply is positively effected 
by pump, the same rules apply as to seeing that the tubes are clear and 
that oil is being actually pumped up to the sights. Most of the cars 
fitted with forced lubrication draw the oil from a sump in the engine 
crankcase, and it is necessary to see that there is > an ample supply 
therein. An oil-level tap or indicator is usually provided. Some of the 
larger cars have a separate oil tank alongside the engine, which has to 
be replenished from time to time. 

There are numerous parts on the car where periodical lubrication is 
necessary : these parts are usually equipped either with grease cups 
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or oil-holes. It will be needless to specify all these,, as there is no 
difficulty in finding them. Some makers supply a diagram of the chassis 
with every part needing lubrication clearly indicated. Particular note 
should be made of oilers on the spring hangers, shackles, universal joints, 
steering pivots, knuckles, steering gearbox, and such-like, and an effort 
should be made to introduce some lubricant between the leaves of the 
springs. It can be done easily on some of the latest types of cars, /as 
provision is made for it. On most cars, however, it means taking the* 
load oft the springs by jacking up the chassis in some way, such as 
with a pair of jacks and blocks of wood, and, if necessary, gently pris- 
ing the ends of the leaves apart with a sharp-ended screwdriver and 
forcing in a suitable lubricant. The special tool for this purpose, illus- 
trated in another section, is, however, the most convenient plan. 

The gearbox and bevel gearcase on the back axle will have to be 
inspected as to there being an ample supply of lubricant, but not an 
excess. It is quite unnecessary to. fill up the cases as beginners often 
do. and then wonder why gear grease floods out at joints and bearings 
and makes a fearful mess. There should be enough lubricant to cover 
the lower teeth of the gears; the rest will look after itself. 

The Clutch 

The clutch may want a little attention. I! it is of the metal-to-meta! 
type, it will require a proper amount of special lubricant in the casing. 
If it has been working badly, it will probably repay the trouble to 
drain off the oil and wash out the whole clutch with paraffin. The 
engine can be started up and run for, say, 10 minutes slowly, and then 
the paraffin thoroughly drained off and a correct charge of fresh lubri- 
cant added. As there are specially-prepared lubricants for the purpose, 
it is advisable to use what the car makers recommend. If a leather 
clutch is fitted and the leather-covered cone is get-at-able, it may, with 
advantage, be brushed over with at least one coat of Collan or castor 
oil and this allowed to soak in for 24 hours. If the clutch is of the 
internal type, one will have to be content with injecting a few drops 
of the oil through the small holes usually made for the purpose in the 
dutch drum. 

Brakes 

Some attention to the brakes is a matter of first-class importance. 
The countershaft brake-— -there may be two of these — should be adjusted 
as closely as is permissible ; the blocks or jaws should just clear the 
drum, so as not to set up any permanent friction. There is no difficulty 
about this, as a screw adjustment is provided for the purpose. On 
many of the latest cars this adjustment may be done with the fingers 
only. Too much clearance on the brake blocks greatly lessens the effi- 
ciency and responsiveness of the brake, especially in an emergency. 
The steel cables actuating the rear-wheel brakes, which are found on 
many of the older cars, should be carefully examined for any signs of 
weakness or fraying of the strands. Particular attention should be paid 
to the clips which secure the loops of the cables. It may be found that 
some; slackness in the cables could with advantage bs taken up by 
loosening the clips, taking up the slack and making the clips secure 
again. On the modern cars steel rods are used instead of cables, and 
these can be adjusted by means of screwed nipples provided for the 
purpose. 

The Tyres 

What about the tyres? It is hardly likely that any but the most 
careless of car owners would have allowed these to remain neglected. 



There may be nothing more necessary than the filling "up of a few ot 
the deeper surface cuts in the rubber with a tyre-stopping preparation. 
More serious damage can be' .repaired- by means of a smhll vuleamzer. 
A valve may require a new plug or washer, or it may be necessary 
to replace a defective or leaking air tube, but nothing in the nature 
of a general ' overhaul should be necessary for tile first two seasons. 
After fchav period it pays to take all the covers off, clean away rust, 
anti re-enamel the insides of the rims. It is quite possible, however, 
that one or both driving tyres may have had such hard usage that ifc 
would he advisable to interchange with one of the steering-wheel 
covers. A weakened cover will, as a general rule, give a considerable 
period of further service mounted on a steering wheel, Ay here pit is 
relieved of driving strains and high internal air pressure. An aiterfia-' 
live plan is to lit a detachable non-skid band over at weakened driving 
cover. Several good pattems, easily adapted and fitted, are now. 
obtainable. A reinforced air tube may also be used in a weakened 
cover, or a “ liner ” may be fitted inside the cover. A temporary 
expedient is a “ gaiter,” which is either laced or strapped over the 
damaged part of the cover. 

Cleaning out an Engine with Paraffin 

A fitting conclusion will be to try every nut for tightness. If any of 
the enamel or paintwork on the body is chipped or damaged, it can be 
touched up with a fine brush and small tin of enamel. No reference has 
been made to a method one often bears suggested when preparing a car, 
and that is giving the engine a thorough clearing out with paraffin. This 
is rather a fetish with some motorists. They believe, in putting a quart of 
paraffin in the crankcase every 600 miles or so, racing the engine, and 
then draining off. This method is not devoid of risk, for the simple 
reason that paraffin is so searching that it’ clears out every vestige of 
lubricating (hi from . bearings, cylinders, etc., and, unless one makes 
certain that every bearing and cylinder be properly relubricated before 
starting up again, a “ seize-up/’ resulting in a costly repair bill, is 
not improbable. It is safer, therefore, for general purposes, not to use 
paraffin; if an exceptional case, demands it, proper. care should be taken 
in the treatment of the engine to ensure that no paraffin remains in the 
crankcase. 


CHAPTER XI 

Practice in Driving: 

General Instructions on Starting Up 

Before starting, invariably note that the gear lever is set at neutral, 
thus leaving the engine disconnected from the transmission. This is 
highly important, as accidents have occurred owing to the car being in 
gear at starting. If there is any doubt on the point, a slight movement 
of the starting handle should be made, to feel that the engine is free. 
•Then, assuming that the petrol and lubricating oil tanks have been re- 
filled and not forgetting the water circulation system if the car has not 
been used for some time, if necessary, and the petrol turned on, sea 
that the carburetter is flooded by pressing down the float pin ; have the 
throttle well open and the spark well retarded for the first trial, so* as to 
lessen the risk of a backfire. The ignition switch, if one* be fitted, of 
course, must be “on,** then, by applying the starting handle and taking 
special care to pull the handle upwards with the left hand against the 
compression, instead of pushing downwards, so that if a backfire occurs 
no injury will result to the operator, the engine ought to start up. If 
it should not, the spark may be advanced a little and a sharper swing 
of the handle will '..be necessary to obtain a strong enough spark. 

In cold or damp weather the injection of a few drops of petrol through 
the compression taps, or into the inlet pipe, generally facilitates a 
start. With an assured spark at the plugs, and an explosive charge 
entering the cylinders, the engine is certain to start up. Excessive 
flooding of the" carburetter may render it difficult to get a start. In 
this ease as much air as possible should be given at the air inlet to 
weaken the mixture. When the engine starts the throttle should be 
partly closed to prevent the engine “racing.” 

The “First Speed ” 

The lowest gear must always be engaged when starting the car 
from rest; and to ensure a gradual “ take up ” of the drive from the 
engine, the clutch should be let in very gently. (Bead carefully details 
on manipulation of the gear elsewhere.) When increasing the speed, 
open the throttle to accelerate the engine, press down the pedal to 
release the clutch, and simultaneously put the gear lever on to the next 
speed, and quickly let the clutch in before the momentum of the car 
has become appreciably less. 

Except when driving up hill, or in traffic where a very slow pace 
is temporarily required, the car should always be driven on the 
high gear' or top speed. The important points to be attended to when 
climbing steep gradients are to keep the spark advanced, but not 
with as much advance as can be given on the level. The rounding 
of corners and bends must be carefully done, a sharp “corner being 
taken with the clutch out and the foot brake gently applied. 

Always see- that there is a good supply of oil in the engine, and 
also carry a. reserve supply both of oil and petrol. Two spare tubes 
should invariably be carried on the ear, so that in case a tyre punctures 
the damaged tube can be quickly replaced by a new one. The tube 
should be carried in a bag or case to prevent risk of damage from tools. 
A spare cover should be carried on long trips ; or, better still, a Stepney 
■ ‘ . 155 ■ 
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or other spare wheel with cover fitted ready for use. Carry a really 
efficient tyre pump, and a handy jack for the wheels. See that tile tool 
equipment is complete, and that the necessary spare parts for the 
engine, in case of emergency, are at, hand, such as valves, plugs, 
springs, washers, split-pins, - joint/ • packing, repair band for tyres, etc, 
(See elsewhere list of spares, etc.)' 

Periodical C! sailing and Inspection of all the Banning 

Gear 

This is, perhaps, the best possible insurance against breakdowns when 
on the road. By undertaking this matter, small defects, such as a loose 
rmt, cracked spring, petrol or oil leakage, or broken wire, are quickly 
detected before they can lead up to further harm. Brake work, being 
subjected to severe -tests, and its efficiency at all times being of vital 
importance to the safety of the driver and. his car, should be carefully 
scrutinised, and any adjustment of bands or tension rods effected. 

Principles of Change-speed Gear Manipulation 

It is necessary to point out that the changing of the gear can only 
properly be learnt by practice with any given car. There are details in 
the manipulation which vary with every type of car, and it is only 
possible to give an outline of the principles governing the operations. 

The most difficult operation in driving a car that presents itself to 
the novice consists in changing gear with ease. The quietness 
of movement attained by the experienced driver is envied, and 
the beginner endeavours to emulate it, sometimes with success ; but 
more often his efforts are attended by a jarring and grinding of the 
gear teeth which is not alone painful to listen to, but results in serious 
damage to some of the most vital portions of the car mechanism. As the 
Panhard or selective types of sliding spur-wheel gear are now used, 
these notes may be considered as applying to these only, and in defining 
the right and wrong way of attaining the desired object the full under- 
standing of the principle of the gear movement will elucidate the 
reasons for noise when the clutch or change-speed lever are improperly 
used. The two shafts in the gearbox are called respectively the first 
motion shaft and second motion shaft : the power is transmitted from 
the engine via the clutch to the first shaft, and the gearwheels upon 
this, meshing with those of the second shaft, convey the motion to the 
rear axle by means of the cardan shaft. The teeth of all the gearwheels 
are rounded or eased off at the first points of contact with each other 
to ensure them sliding readily into position. 


Avoiding Damage to Gear Wheels 

Assuming that the engine has been started up, the driver has taken 
his seat, the change-speed lever being in the neutral position of the 
quadrant (free engine position) ; before the lever is moved, the pedal 
connecting to the clutch is first depressed : this disconnects the engine 
entirely from the gearwheels. If any attempt be made to move the 
gear lever, without releasing the clutch, the teeth of the gearwheels 
upon the first motion shaft might be badly damaged. 

Occasionally the gearwheels wall not mesh, and consequently the 
lever will not find its way into the first (or lowest speed) position of the 
quadrant. The usual plan, under such circumstances, is to ease up the 
clutch pedal very slightly, which, by giving the engine a slight grip of 
the clutch, moves the first motion shaft gently around : as soon as the 
movement of the shaft commences the clutch is disengaged, and it will 
he found that the first speed can then be got quietly into gear. 
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For the novitiate _ stage it is preferable to depress the clutch 
pedal as usual, having the lever in. the. neutral position, wait a 
few seconds to ensure the first motion shaft coming to rest, and then, 
but not before, try to move the lever forward: if the grating noise 
is heard it will be a proof that. the first shaft is still revolving, and 
further time should be allowed for it to cease movement ; whilst, if 
the gear lever will not enter or engage with the proper slot, but 
appears to jam, the teeth of the gearwheels are not in • the correct 
position for meshing, due to the relative speeds not being right. The 
lever should be brought back to the neutral position, the clutch gently 
released m that the movement of the first motion shaft is again obtained, 
and the pedal again fully depressed. 

The whole operation can be , repea ted until it is certa in the first gear is 
ready to take up the work. The car is stationary, and to give motion 
to the load wheels two movements are made — one by the clutch and one 
by the change lever. It has been shown how the gear can be made to 
engage smoothly, and if care be used the clutch will gently take the pace 
up until the fastest speed (upon the lowest gear) has been attained. 
After the lever has been moved the clutch must not be suddenly en- 
gaged with a jerk and a bang, but the foot should be gently raised, so 
that the power is very gradually communicated to the rear wheels. 

Letting in the clutch quickly (with car at a standstill) may stop the 
engine, strip teeth off the gearwheels, or skid the rear wheels over the 
road before they can secure effective traction ; and this last effect may 
be emphasized if the weight is not evenly distributed throughout, the 
car. or the road is muddy. It must never be forgotten that the whole 
power of the engine can be suddenly thrown upon the gearshafts by 
careless usage of the clutch. 


The Purpose of the Clutch 

In considering the function the clutch has to perform, an analogy can 
be found in a thread suspended from a nail and arranged to carry a 
weight just a fractional amount short of its breaking strain, the thread 
being several inches in length. If the weight is dropped suddenly for 
just the length of the thread the jerking strain will certainly break 
the thread; but if the weight be taken gradually upon the end of the 
thread, it will' he suspended for an indefinite time. So with the 
clutch: ease the strain gradually bv its means from engine to wheel 
rim and it will continue to do what is desired ; let in the clutch sud- 
denly and something may break. The easing of the clutch and the 
careful use of the foot brake provide a ready means of car control in 
■traffic without the necessity of changing gear : frequently. 

Assuming the driver to have eased in the clutch and started slowly 
off, there need be no hurry to hasten in with the second speed. 
Allow the engine to “ speed up 5 ’ considerably, and now try to 

change up. The conditions are somewhat, altered from the first point 
of rest, to movement. We have now to deal with a slowly -moving 
car, and we should endeavour to make it run at twice the speed 
without causing any noise indicating tha,t the change is taking 

place. The change must be made with certainty and at the 

first attempt. The proper meshing of the wheels cannot be 

tried for, but they must be allowed to engage of their own accord ; for 
when changing up, if the higher gear cannot be immediately attained, 
the car will lose its momentum, and when the second gear is* eventually 
engaged the extra work put thereby upon the engine may stop it. 

To change to a higher gear, the clutch pedal must be fully depressed, 
so that the clutch is entirely disconnected from the engine; when the 
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clutch is fully - disengaged* • but not a fraction of a second before, move 
the lever q-uickly and surely from the first-speed to the second-speed slot 
and engage the clutch : the movement may be very slightly accelerated 
beyond that advised for getting from neutral to' first speed, but the 
movement must still be a- gradual one until the clutch is fully home. A 
pa-rt of the preceding sentence, ‘‘move the lever from first-speed to 
second,’ 5 is the stumbling-block to motorists who find trouble in chang- 
ing, combined with insufficient depression of ; the clutch pedal. After 
driving a car for some time the operation of gear changing becomes in a 
. sense automatic. 

Changing Down Upon a Hill 

For this the lever movement will, of course, be carried out upon a 
similar method ; but for hill work the clutch must be disengaged sharply 
by the foot, and as the foot presses the pedal clown to its limit of travel 
the hand is" prepared to pull the lever back quickly to get into the 
lower speed, and the clutch can be engaged. For hill work the clutch 
requires somewhat different treatment from work upon the level, for 
the speed of the car is diminishing by reason of the resistance offered 
by the gradient, and therefore the clutch must be released sharply, the 
change-speed lever moved quickly, and the clutch again let in quickly, 
but without a symptom of jerkiness or harsh movement. If the speed 
becomes slow up hill, the. change must be made with rapidity, and, 
perhaps, jerkily, when the engine labours and “ knocks,” or the ear 
will come to a standstill ; this can always be obviated by changing gear 
before the engine reaches that stage of weariness. It is important to 
bear in mind that under no circumstances must the “ reverse ” gear be 
brought into engagement till the car has come to a dead stop, otherwise 
there is great risk of damaging the gearing. 


A Method for Obtaining a 4 * Silent' * Gear Change 

A car owner who has made many experiments in gear changing 
recommends the following method, which enables anyone to obtain, 
after a little practice, a perfectly silent change, either changing up or 
changing down gears. Firstly comes changing up. 

(1) From neutral to first gear. — Declutch, and wait for a, short period 
(this varies with the type of car, but, generally, about 2 sec. will 
suffice), then, gently push into first. (2) From first to second and all 
“ up ” gears. — -Declutch, and push gear lever half the length of its 
travel, wait an instant, and then feel, i.e., push the lever gently into 
the next gear. So far all is straightforward. Now. as to changing 
“ down.” From a high to .any lower gear. — 1st: Bring throttle lever 
to about quarter open position, qat the same time instantly declutch, 
and bring back gear lever half its travel. 2nd: Quickly let in clutch 
and slip it out again (this should be a sharp up-and-down action of the 
leg), thus increasing the layshaft speed. 3rd: Bring back gear lever 
smartly into the required slot. This is so easy that it can usually 
be done with one finger. 4th : Let in dutch and open throttle. Result’: 
An absolutely silent change. 

The secret of success lies in the first action, i.e., setting of throttle. 
This, however, must be ascertained by trial. The author of this 
method claims that it is infallible on all cars with the usual selective 
types of gearbox, and, after a little practice, the change becomes 
instinctive. 
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Care When Driving 

Careful Driving on Badly-surfaced Roads 
, The life of a car, to a very large extent, depends on the amount of 
care and good judgment taken in driving on bad or indifferent roads. 
When lengths of bad roads have to be negotiated speed should be in- 
variably reduced to such an extent as will minimize the shocks and 
vibrations- from the road as much as possible. They are bad for the 
driver and passengers, and equally so for the car generally. If nothing 
so bad as broken springs, bent or strained axles results, the excessive 
vibration gives rise to all kinds of worrying little troubles. It is a 
common experience to strike on stretches of newly-made or unrolled 
road. Such require negotiating with particular * care. For short 
lengths of “unrolled metal” it is best to allow the car to run over 
by its own momentum and with the clutch disengaged. 

Caution when Driving at Night 

When driving at night and on unfamiliar roads it is hardly necessary 
to say that special care must be taken. When darkness comes on, the 
risks of accidents occurring through slight errors of judgment in driving 
are greatly increased. The driver must be on the alert for slowly, 
moving and lightiess vehicles ahead of him, cyclists and pedestrians, 
and the amplest warning should be given of "approach by sounding 
the horn. For the lightless country roads the advantages of having 
a powerful headlight throwing a beam well ahead and illuminating 
the road from hedge to hedge cannot be overestimated. In the towns, 
however, the use of powerful lights is to be deprecated, unless means 
sir© provided for temporarily screening the glare from the lamps. 

Driving Round Comers 

The necessity for driving round corners with extreme caution will 
be obvious. The speed should always be reduced very considerably ; 
the sharper the turn, the slower it should be taken. When a car 
makes a curve the effect known as centrifugal force comes into play, 
and it tends to cause the car to lean over to the outside of the 
curve. The higher the speed and the heavier the car the more 
marked is this effect, and it proves rather disconcerting and uncom- 
fortable for the passengers. To take an unbanked curve of small 
radius at high speed may easily result in the car capsizing, especially 
if the road surface is greasy. On a motor-racing track it will be ob- 
served that the curves are very highly banked, in some instances 40 ft., 
so that the centrifugal force is counteracted by the effect of the bank- 
ing on the car exerting a force in the opposite direction to the 
action of the centrifugal force. On railway curves the outer rail is 
always elevated with the same object. When" making a turn to the 
left, "the car should always be kept well to the inside.. When a turn 
has to be made to the right from a main road to a side road, make 
certain before turning that there is no traffic coming in either direction 
which would immediately cross the track of the car. Invariably sound 
the horn before turning. Never, if it is avoidable, pass another cai 
at a bend in the road. A safe rule, when driving on a road which 
has numerous turns and high hedges cutting off the view, is to keep 
to the extreme left, sound the horn frequently, and reduce the speed 
so that in an emergency the car can be stopped dead in 20 ft. 

Climbing a Hill on the Reverse Gear 

It is well worth remembering that in many cars the reverse gear is 
considerably slower than the lowest forward speed. Should a hill, there- 
fore, be hist which is so steep that the car Cannot manage to 
surmount it, or perhaps only do so by straining the car or dismounting 
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die passengers, it is probable that, by going up the hill backwards 
on the reverse gear, the difficulty will be surmounted. A further 
advantage is that, should the car by any mischance run back, it can be 
controlled better from the brakes and steering by allowing it to run 
forward in its normal direction. 

ReYevsing in a Marrow Road 

To reverse skilfully is an operation requiring practice; it cannot be 
learnt from a description. Moreover, circumstances are always arising 
when some variation in manipulation is called for. There are several 
methods, for example, of reversing in a narrow road, and the facility of 
doing it will depend both on the driver’s skill and the amount of 
“ lock ” that can be got on the steering wheels. The beginner will be 
wise in choosing a fairly wide part of the road, or going forward till 
he comes to a side road to make bis early efforts in reversing, and 
always bear in mind the rule to see that the road in the rear is reason- 
ably clear of traffic or pedestrians. 

Motes on Winter Bribing* 

The speed of modem cars, even if driven well under their summer 
speed-rate, is such as to, of itself, entirely change the driving condi- 
tions as compared with horse driving, with the requirements of which 
we have been acquainted -for centuries. Pictures of winter driving in 
the olden times, even with the horsed equipages of the last century, 
nil combine to give the participating figures an appearance of red- 
nosed, shivering frigidity which is, to say the least of it, expressive. 
Yet in the incidents which these pictures are intended to portray the 
travelling . pace was probably not more than three or four miles an 
hour. With the pace increased to four or five times and more this 
speed of progression, conditions call for very much greater protection 
of the person than was ever thought of in the olden, time, and the 
heavy box-cloth coats and woollen wraps, with thick woollen mittens, 
adopted by our ancestors, would be but poor protection to-day against 
the biting blast of a north-easter, with temperature in the neighbour- 



Exhaust heating device or foot- wanner, designed to be fitted in 
the floor of a car. 


hood of zero and a 25 or 30-mile pace on the car. It is all very well 
foi' the driver ; he has something to do which concentrates his atten- 
tion and helps to keep him warm, but the passenger has nothing to 
do but sit still and shiver. Screens, 1 either of glass or any other 
material, only half effect their purpose, as, whilst they protect the 
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occupants from direct contact with the air through which they are 
passing, they create a back draught which curls around and makes 
the whole body cold. 

For passengers the only car for such weather conditions is a covered 
one, either one with a hood with side curtains well down, shutting 
the entire back of the car in, or the complete enclosure of limousine or 
landaulet. Both for passengers and drivers, more attention requires 
to be given to keeping the feet warm. Even in a closed vehicle the 
feet become uncomfortably cold. 

In America, where excessively cold conditions are the usual ones 
during three or four months of the year, cars are put .away for the 
winter more generally than in this country, but for the benefit of those 
who use their cars constantly, much greater attention is given to this 
important point. 

Exhaust and Electrical Heating Devices, Foot- warmers 

Quite a number of different devices have been adopted to keep the 
feet war m. There are the independent foot- warmers, which are 
filled with a combustible substance that will retain the heat for 
a considerable time, or with burning charcoal, and there are several 
ways by which the heat from the motor can be utilised to the same 
effect. In some cars a by-pass is made in the circulation system, which 
takes tne hot water as it leaves the motor, or a portion of it, either 
through pipes, or a tank foot-warmer situated on the footboard j whilst 
by another method a by-pass from the exhaust deals with the exhaust 
gases in a somewhat similar manner by beating a foot-plate and with a 
cut-off arrangement handily placed so that they may be used or not as 
occasion calls. A refinement used on some cars provided with a dynamo 
lighting set is an electrically-heated steering wheel, the current being 
obtained from the battery. The rim of the hand wheel is wound closely 
with a resistance wire/ and on switching on current to it heat is 
generated. The same principle has been applied to gloves, but as the 
consumption of current is considerable, the application of it is very 
limited. 

Such devices are very useful, but to be of use they must be there , and 
that practically means that they should be put there when the car is 
built. Now, in America, a motorist thinks of these things because he 
has to ; but with us, seeing that cars are more, generally bought in the 
spring or summer, when wintry conditions have passed from the 
memory, and as we often get quite mild winters, few people think of 
asking for anything of the kind. 

The newcomer to motoring should purchase “How to Drive a Motor- 
car, J? published by Temple Press Ltd., which contains exhaustive in- 
structions on all matters in connection with driving and the management 
of the car on the road. 


CHAPTER XII 

Various Adjustments to Engine, etc 

The re-timing of an engine should., if possible, be done to a timing 
diagram supplied by the makers of the car. In many instances now 
such a diagram is. included in. the makers’ instruction booklet. In other 
cases it can be had on request. , The details of tiniing^ are more 
easily followed by considering one cylinder only, then it- is a simple 
matter to understand that the remaining cylinders of a four or six- 
cylinder engine are timed in an exactly similar manner. The first 
important rule is that the timing must always be set, primarily, from 
the movement of the valves and not from the magneto contact breaker. 


Method of locating 
the position of the 
piston by a wire 
passed through the 
comp r ession t a p 
opening, the highest 
and lowest points 
reached by the piston 
bei ng in cheated by 
the wire coming to 
rest momentarily 
when the engine is 
rotated slowly. 


For effecting these timing operations it is necessary to find out the 
exact top and bottom of the stroke. On many of the modern types of 
engines there is no way of obtaining access to the top of the piston, but 
when this is possible, as in the case of a compression tap being pro- 
vided in the cylinder head, it is a simple matter to unscrew this 
and insert a piece of straight wire, such as a spoke. Then mark upon 
it the beginning .and end of the piston stroke with a file scratch. 
When the top and bottom of the stroke are determined, a centre punch 
mark should likewise be made on the inner edge of the flywheel to 
correspond with another fixed mark, such as a pointer screwed to 
the lower edge of dashboard. This should be done for each cylinder 
in turn. 

Period of Y afore Opening 

In many engines it is possible to see the piston at the end of its 
stroke by introducing a small electric lamp through the valve ports 
or plug aperture. The actual period of the opening, of the valves varies 
to a small extent according to' the design of the engine, but the cams 
are always made to give at least, an opening period of the inlet valve 
equal to the -length of the inlet stroke/ and the exhaust valve is 
allowed a period equal to a full stroke and an amount which varies from 
a fifth to a sixth part of a stroke ; that is to say, it is open for the 
full period of the exhausting stroke and also for a part of the explosion 
stroke. Tills extra amount is termed valve “ lead,” and it is shown 
on the timing diagram as equivalent to 52 degrees of angular movement. 
This exhaust timing would give a very effective clearance of the exhaust 
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gases, but on many engines so long a period is not provided for. . The 
inlet valve timing in the diagram is equal to just over the half circle, 
opening a little way beyond the top dead centre. On some engines the 
opening period allowed is rather longer, the object being to give ample 
time for the explosive mixture to how in and fill up the cylinder. 
As the piston lias scarcely begun to move upwards at the bottom of 
the stroke it is not found in practice that there is any forcing back 
and loss of mixture by delaying the valve closing. If the theory of the 
timing. of an engine be thoroughly grasped, the practical part of the 
operation is very simple, and is only a matter of meshing the gear 
wheels correctly. 



The timing of the valves and ignition of various engines differs to some 
small extent, the best setting being determined by experiment. This dia- 
gram illustrates the valve setting adopted in a standard make of engine, 
it will be noted that the exhaust valve opens well before completion of 
firing stroke and closes at the top dead centre, and inlet valve does not 
close till beyond the lower dead centre. Crank path is from left to right. 

The Timing- gear System 

The modern four-cylinder engine has a small gear wheel or pinion 
on the forward end of the crankshaft, which engages or 4 * meshes ” 
with a camshaft gearwheel of double the size of the crankshaft 
pinion. The procedure to set the exhaust valve ps to bring the 
piston towards the bottom of the firing stroke, giving the requisite 
amount of 44 lead denoted by a given number of degrees of fly- 
wheel movement short of the lower dead-centre mark. The cam- 
shaft should then be moved round till the exhaust valve of that 
particular cylinder is just being lifted off its seating. The camshaft 
gear wheel must now connect with the crankshaft by meshing its teeth 
with the crankshaft pinion. The crankshaft should then be turned round 
slowly in its proper direction of rotation till the piston reaches the 
exact top of its stroke, as indicated either by the mark on the piece 
of wire passing through the head of the cylinder or by the marks on 
the flywheel. If it be found that the exhaust valve has just closed 
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down on its seating at this point the timing is approximately right. 
If it has not quite closed, ^ the camshaft should be advanced or set 
forward by one tooth. If it be found that the valve has dosed con- 
siderably before the top of the piston stroke, the camshaft should be 
set back by an amount equal to one tooth of its gearwheel, and the 
opening and closing of the valve again checked with the piston move- 
ment. ^ When the correct meshing of the teeth of the two pinions is 
determined, marks should be made on the face of the teeth, so that the 
timing can be set on any future occasion. 


Diagram of valve 
timing gear of engine 
with single camshaft. 
This applies to the type 
of engine with all the 
valves on one side, and 
this system is the one 
used on the majority of 
modern engines. (In 
both diagrams the com- 
plete number of teeth 
on the gearwheels is 
not shown.) 




Diagram of timing gear of engine with separate camshafts. 


Inlet Yahre Timing 

In the type of engine with the valves all placed on one side, both 
valves will be operated from the same camshaft, and it follows that if 
the exhaust valves are properly timed the inlet valves will also be 
properly timed, as the cams are placed in the correct relative position 
to each other, and any slight variation in timing can only be effected 
by adjusting the tappets. In engines with the exhaust valves on one 
side and the inlet valves on the other, separate camshafts are used, 
and the inlets must be timed independently to open just after the 
exhaust valves close. The closing of the inlet should take place just 
after the conclusion of the down stroke as previously explained. The 
procedure for the inlet timing as to the setting of the'respective pinions 
is similar to that for the exhaust valve, the piston being set at the 
top of the inlet stroke or a shade later, and the camshaft set 
to be just lifting the valve. On turning the crankshaft round it should 
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• OPEN JNQ QF INL.EV 
■SiiQHTLV OELRVEO 
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MOVEMENT 
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Approximate positions of piston for inlet and compression strokes. 
It will be noticed that the inlet valve opens slightly late and closes 
late. This avoids risk of firing back and ensures a full charge being 
drawn into the cylinder. The amount of delay in opening the inlet 
valve however in some engines is less than the amount shown. 


T OP OF STROKE 

MAQNETO SPPRK 
OCCURS JUST BEFORE 
COMPRESSION STROKE 
IS COMPLETE 


FIR1NC OR POWER 
STROKE 


/AMOUNT OF LEAD ON 
EXHAUST STROKE “~~ 
FIRING STROKE- 


Approximate piston positions for beginning of explosion stroke and 
exhaust stroke. The early oj enmg of .he exhaust, valve will be noted. 
Ike sjuark tuning is sup* osed to be set at fu 1 advance lot* an engine of 
a moderate length of stroke. 




Theory of Magneto Timing 
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be noted that the inlet valve about closes at the end of the down stroke 
or a little later. If one cylinder be correctly timed the other three 
will also be correct,, assuming that the cams* are all the same shape 
and unworn. The adjustable valve tappets, however, now usually 
fitted allow of the correction oi any small variations in the timing of 
each cylinder. 

Theory of Timing the Magneto 

As the previous chapter on ignition will have made clear, the cam and 
contact breaker of the magneto are set in the correct relative position. 
The “ break ” of the platinum contacts is made to occur when the 
cheeks ” or segmental-shaped sides of the armature almost bridge the 
gap at the top and bottom of the magnet pole pieces. The position is 
not quite symmetrical, but the “ maximum ? ’ or most favourable position 



In timing an engine fitted with magneto ignition, 
the most important factor is to have the armature 
held in a maximum position, as shown in the dia- 
gram, wherein the armature has just moved a few 
degrees past the true vertical position. The contact 
breaker platinums should just separate when the 
armature is in a maximum position. In cases where 
the timing is fixed, this position should agree with 
the piston when about & in. before the top dead 
centre is 'reached. 

Is slightly in advance in direction of rotation of a vertical line right 
through the centre of the magnets and armature when the latter is set 
quite symmetrically. (The maximum position is shown in the illustra- 
tion.) It will be found in most types of magnetos that the contact rocker 
has full retardation point, that is, the actual break between the platinums 
agreeing with the armature in this position of maximum effect. The 
reason is that, owing to the necessarily slow rate at which the magneto 
can be driven for starting, and as the spark has to be slightly retarded to 
prevent a backfire occurring, the most use must be made of the maximum 
position, otherwise there would be too weak a spark produced to 
ignite the mixture. 
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Setting a Four-cylinder Magneto 

Taking as an example the Bosch magneto,: described and illustrated 
in the ignition section, the ratio of the gearing between the crankshaft 
and the magneto spindle is equal to 1:1; that is, the armature must 
rotate at- the same speed as the crankshaft. The correct method of 
timing is as follows : — The magneto must, firstly, be screwed down to 
its bed-plate on the motor, and the gearwheel, or coupling, which 
drives it, left loose on the spindle, if no keyway is fitted. . If the gear- 
Vheel or coupling is secured by a key instead of simply being tightened 
up on the taper, it is necessary to secure it firmly in its correct 
position before the magneto is screwed down, and in this case it is 
the engine portion of the drive which is left loose and tightened only 
when the setting is finished. The motor must, now be turned slo wly 
by hand in the normal direction of rotation until the piston of No, 1 
cylinder — generally the cylinder next to the radiator — is towards the 
end of the" compression stroke; and in the position of maximum advance 
at which the motor gives the best results. This position is usually 
marked on the flywheel, but, if not, it should be indicated by the 
engine manufacturer. While turning the motor it should be noticed 
whether the magneto rotates in the correct direction indicated by the 
arrow on the oil cover at the driving end. The next procedure is, to 
turn round the armature until the figure 1 can b>e seen through the 
window of the distributor cover. 

The lubricator on the distributor should be lifted right over in order 
to give access to another inspection window through which a view of 
the teeth of the distributor gearwheel can be seen. So long as the 
figure 1 can be seen through the window, it will be noticed that one of 
the grooves visible through the glass is painted red. The armature 
should be turned until this groove is exactly under the centre line of the 
inspection glass, and the timing of the magneto will then be quite 
accurate. The driving wheel or coupling can now be secured firmly to 
the armature spindle of the magneto by means of the nut provided for 
this purpose, but care, of course, must he taken that neither the 
armature nor the motor is moved during the operation. 

Amount of Advance Possible 

It has been found by experience that for the standard types of car 
motors a maximum advance of 35 degrees gives the most satisfactory re- 
sults. If, therefore, the ignition is timed with this maximum advance of 
35 degrees the spark will occur exactly at the top dead centre when 
the lever is fully retarded. If the engine will not take as much as 
35 degrees advance, the piston must be brought within less than this 
distance (measured. in degrees on the flywheel) from the dead centre 
when timing the ignition. For those engines which take a greater 
amount of advance, the piston, of course, must be brought further 
down on the compression stroke until it is at the correct distance from 
the dead centre, before the magneto is timed. 


Setting Fixed Ignition Timing Point . 

This method is adopted on some engines so that no advance or re- 
tardation when driving is possible. The exact position of the piston 
at which to fix the contact breaker can only be settled by trial. A 
small amount of advance is usually possible/ but it must be carefully 
regulated so as to avoid starting-up risks and knock when climbing 
lulls. 
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Water Circulation Defects— Overheating 

The up-to-date thermo-syphon system of cooling the engine with its 
large diameter and short passages for the flow of the water has prac- 
tically eliminated the troubles that were frequent at one time, due 
to restricted water pipes. Radiators now are larger and more efficient 
in cooling capacity, and the absence of a pump liable to choke lip or 
fail in some way from wear or a mechanical fault, lias relieved the 
car owner from considerable anxiety. The complaint of “ overheating/' 
which is still a not infrequent one, may therefore he, as a rule, attri- 
buted to some other prime source than the water circulation. The 
term ** overheating ” is a distinctly vague one, and it is impossible to 
accurately define its symptoms, but if the circulation water has a eon 
sistent tendency to boil, it is safe to regard this as an indication that 
there is some abnormal circumstance giving rise to it. 

Faulty carburation, i.e., too rich or too weak a mixture, is one well- 
known cause of overheated circulation water. The charge burns slowly 
and a much greater quantity of heat is transmitted to the cylinder 
walls than takes place during the rapid explosion of a. properly- 
proportioned mixture. Another source of the trouble is a throttled 
exhaust ; such as would be caused by a partly-choked silencer. 

Mineral Deposits and “Furring” Dp 

The possibility of a restricted water circulation is, however, to be 
reckoned with, and presuming that there is no easily -located obstruc- 
tion in the pipes, it may be the case that considerable incrustation of 
the system has occurred from the lime and mineral deposits thrown 
down from hard water. It is better to always use distilled, or well- 
filtered rain-water to- avoid this, as such deposits are extremely difficult 
to remove. The only course is to circulate a strong solution of washing 
soda, 2 lb. to the gallon of water, through the system for at least 24 
hours, but not necessarily in one period. It can be done in several run- 
ning periods. Afterwards, the solution should be well-flushed out and the 
system refilled with clean water. Great care should be taken to pre- 
vent any of the soda solution coming in contact with the paintwork, 
varnish or leather upholstery of the car, as it has a ' destructive effect 
on them. It is also advisable to keep one’s fingers from contact with it. 

Causa of Steam Dock in Circulation System 

Another indication of faulty circulation is overheating of the ex- 
haust pipe a short distance '• from' •• its . junction- with the cylinders. 
When this occurs it is usual to examine the silencer, with the' view 
of finding if it is throttled, holes blocked up, etc. This is not often 
found to be the case, however; and, providing the valves have maxi- 
mum lift, the probable cause is an overheated cylinder and valve 
ports. The water may not be circulating properly round the valve 
port. The formation of a steam lock is another cause of serious over- 
heating. When this happens the water boils and generates pressure in 
the jacket, the water is forced back into the radiator, and the cylinder 
is rim dry. Result: a seize up of one or. other of the pistons. This 
is a trouble that should be carefully guarded against. A steam lock 
and back-pressure can also arise from the formation of an air lock in the 
pipes, usually at a bend in the outlet pipe from the cylinders. What 
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happens is that a column of air is imprisoned, perhaps during the filling 
up of the radiator. This column, of air will stop the circulation, the 
water in the jacket boils and the steam forces the water into the 
radiator. The fitting of an air-release pipe on the outlet pipe and 
opening the small pet. cock on the cylinder heads when filling up is a 
safeguard against this. It is important to have the system quite full of 
water. Defective or internally-frayed rubber connections between the 
pipes by restricting the bore will cause circulation trouble. These 
should be examined to see there is no internal defect. 

Loss of cooling water .is very often not so much due to boiling away 
as to a slow and steady leak somewhere on the system. Places that 
should be examined are pipe connections and pump glands. A good 
deal of trouble was at one time experienced with the type of radiator 
fitted to small cars. The soldered joints used to give way, probably dim 
to insufficient support being provided for the radiator. It is very diffi- 
cult to effect a temporary and effective remedy for a leakage of this Jdncl 
on the road. A leak on a pipe, if it be get-at-able, can be effectively 
stopped by slipping a piece of rubber tubing over it and wiring it on, 
or, if the tubing cannot be worked on to the tube, it can be slit at one 
place and sprung over. A leakage of water from the jacket into, the 
cylinder may be caused by' a crack, but more usually will be found to 
be simply a defect in the seating of the plug fitted in the cylinder heads 
of many engines. 

Hadiatos? and Petrol System Leakages 

The standard honeycomb radiator is somewhat prone to leaks ; 
as the metal is very thin and the joints numerous, and it is not 
always possible to have a leak soldered up at the required time. In 
this case recourse can be had to a small but useful accessory known 
as a leak-preventer. It consists of a couple of small plates or washers 
with a piece of sheet rubber fixed on ; these plates have hooks so that 
a spiral spring can be fixed on to draw them together. The spring is 
threaded through the aperture at the leaky cell, the plates hooked on, 
and thus held firmly up against it. Most accessory houses keep them, 
and if the car has a honeycomb radiator it pays to carry several of 
these devices. The construction of this type of radiator lends itself 
to a repair of this kind, but leaks in other forms of radiators, when 
they occur on the road, are rather troublesome. Even soldering them 
is % no means an easy job, there being such a large mass of metal 
that the solder cools as soon as it touches it. 

A good plan is to carry a small box of white lead of a suitable con- 
sistency. If the water is not coming through quickly, a temporary repair 
can be made with this, especially if a piece of tape "can by any means be 
bound over the repair. It is often possible to hammer up or plug a 
leakage in a tank or radiator. A temporary repair for a slight leak in a 
petrol tank can be made by applying ordinary soap. Such a repair may 
last till the defective part can be soldered. Leaks at petrol taps can 
generally be cured by screwing up the nut securing the tap plug, or by 
grinding in the tap with crocus powder and oil. - 

Attention to the Fan Belt 

The importance of keeping the fan running at an efficient speed is 
rather prone to be overlooked. As those who have tried the experiment 
know, it is difficult to keep up the cooling without the fan running, 
especially in summer, and it is almost as bad to only have it running 
slowly. It will not do to assume that, because the fan is moving, 
it. is doing its work efficiently when the engine is running fast. St 
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takes more power than one may imagine to keep a 14 in. or 16 in. fan 
running at from two to three thousand revolutions per minute, and if 
the belt is in the least slack or greasy, the fan will not run at 
its proper speed; slipping is going on all the time. The belt, if it 
does net automatically adjust itself by a spring on the bracket, must 
be kept reasonably tight and as free* as possible of oil, although this 
latter is not easy to effect on some cars, owing to the oil which comes 
from the crankshaft bearing leaking along the shaft and being thrown 
on the pulley. A piece of sheet metal or fibre arranged as a screen be- 
tween the bearing and pulley can be fitted to keep the oil away from 
the pulley. 


Non-freezing’ Solutions for Water Circulation 

To eliminate the risk of cylinder jackets freezing up and bursting iri 
winter time, a non-freezing solution should be used instead of plain 
water. Such a solution consists of glycerine, preferably of the best 
quality — one part by volume, four parts water, well mixed before filling 
up the system with it. This solution is proof against 10 degrees of 
frost; one part glycerine to three parts water is proof against 16 degrees 
of frost. To compensate for evaporation, water only should be added. A 
mixture of alcohol (wood spirit) and water in the same proportion as 
glycerine mixture is frost-proof to about 12 and 20 degrees respectively. 
A mixture of one-third alcohol and two-thirds water is safe against 
even the sharpest frost that usually occurs in this country, and, on the 
whole, this is the most suitable mixture to use. It has the advantage 
of being cleaner and freer in use— the glycerine mixture is sticky and 
somewhat lessens the rate of circulation owing to its density. More- 
over, the common quality sets up a corrosive action on brass and copper. 
The only disadvantage with alcohol is that it evaporates, and a cer- 
tain amount of fresh spirit must be added from time to time to the 
solution. 

As a precaution, when taking a ear out on a frosty day, if it is neces- 
sary to stop the engine for any length of time, "care should be taken to 
cover up the radiator and bonnet with a rug of some kind to prevent 
the temperature of the water falling too low, which may easily occur 
if there is a keen east wind blowing direct on the radiator. 


Repairs to Water Jackets by Welding 

The best plan is to take precautions against this occurring by using 
one of the non-freezing solutions described. There are very few eases 
where a cracked cylinder cannot be repaired by acetylene welding. 
There are numerous specialists concerns in this business 'now. In eases 
where it is not possible or convenient to have the damage welded by the 
oxy-acetylene system the following procedure may be employed: — 

Four small holes are drilled and screwed in the jacket, and a 
piece of copper sheet well hammered down to shape. The holes 
would, of course, have to be made in the plate first and the posi- 
tions marked off on to the jacket afterwards. Quite small screws should 
be used. A piece of tyre repair canvas should be cut to fix under 
the plate. This requires smearing with red lead and oil made to a 
thick consistency. If well shaped, and screwed down tight, this repak* 
should give no trouble. The joint has ho pressure to withstand, and 
there is no reason why it should not be permanent. The crack should 
be prevented from extending by drilling a smalT hole at each end. 

Fitting a plate over a frost crack does not improve the appearance 
of the cylinder, although carefully repainting the cylinder makes the 
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repair less prominent. On the other hand, a welded repair cannot be 
readily detected, and the cylinder is quite as strong as when new. 
Small*, cracks may. often, be permanently sealed by cutting a shallow 
groove along the* crack and filling it up" with “ iron cement,” sold by 
the accessory concerns. ... 

Oil -leakages on Old-typs Cars 

Tins is one of the defects which has been practically eliminated on 
modern cars, but many old cars are, however, primarily defective in 
the matter of retention of lubricant. The only real remedy is the 
fitting of oil-retaining glands to the ends of the bearings, although 
this, in many instances, is not an easy matter to carry out. The use 
of felt and leather washers can only be regarded as a temporary ex- 
pedient, owing to the rapid wear which takes place within them. Loose 
and worn bearings, as will doubtless be sufficiently obvious, must accen- 
tuate the trouble, and this is really the first matter which should be 
investigated when oil leakage develops. The main bearings of single- 
cylinder engines, particularly should be kept in good order. Some leak- 
ages from gearboxes are largely the result of using too much lubricant. 

Leakage from Rear Axle 

' Excessive oil leakage into the brake drains not only reduces the power 
of the brakes, but the oil creeps over the drum, and is thrown by 
centrifugal force on the tyre. Metal-to-metal brakes, of course, are not. 
intended to be worked in a dry state, as the wear thereby caused would 
be excessive. Too much oil, especially heavy-bodied lubricant, on the 
other hand, prevents the effective contact of the metal-to-metal sur- 
faces. The source of the leakage may be found to be simply in using 
too much oil in the bevel gearcase. 

The remedy, obviously, is to reduce the amount. If no cure is 
effected, the *pnly course that can be adopted is the rather drastic one 
of fitting new felt washers in the axle ends, which is an operation for 
the repair shop, as, in /my case, the wheels will have to be taken off 
the axle. 

Removing and Refitting* Piston Rings 

The removal of rings is not difficult if a little forethought is taken : to 
open them, it is best to use a pair of very thin-jawed pliers, . the jaws 
opening outwards ; a substitute for pliers can be made from iron wire. 
When the ring is slightly expanded, a narrow slip of very thin metal — 
tin or brass will do — should be pushed through the opening and worked 
to the opposite side of the slot ; then, if the ring is opened a trifle more, 
an additional slip of metal can be placed near each end of the ring, when, 
it can be worked off quite easily and without any risk of breaking it, 
such as an attempt to expand it larger than the piston diameter would 
do. It is a good plan to mark each ring for its own groove, and also, 
when they are not pinned, to mark just where the slots should come on 
the piston. 

When the piston is in the cylinder, the ends of the rings should almost 
meet; the gap should close up to l-32nd inch or less. In replacing the 
cylinder over the pistons, the rings should be closed up by means of a 
clamp. With an “ en bloc ” cylinder casting, expert assistance should 
be obtained, as the procedure is rather complex and not to be carried 
out single-handed. Should it be found that the piston rings have 
“ stuck, 7 owing to the accumulation of carbonized oil in the- grooves, 
the whole piston should be soaked bodily in paraffin for about 12 hours. 
This will generally soften the deposit sufficiently to enable the rings to 
be removed. 
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Method of removing" piston rings from piston grooves. The ring 
is expanded slightly by special pliers or tongs. Strips of metal are 
then inserted under the ring at equidistant points, when the ring can 
be safely slid off. In replacing the rings the middle one is first fitted 
on over the strips, and then the other two fitted on from each end 
of the piston. Before a piston-ring can be removed, its gap must be 
increased until it measures approximately 6.4 times the average thick- 
ness of the ring. For instance, if the average thickness of titering is 
'k inch, the gap will require to be just over g inch. Some rings are 
concentric, t,t\, of uniform thickness. These tend to open out to an 
oval shape when expanded. In order to remove a ring of this type 
easily and safely, it is only necessary to increase the pressure of the 
finger and thumb at the sides of the ring in order to resist the 
tendency mentioned. 



Piston ring with stepped joint Piston ring with join cut slantwise, 

which prevents leakage of Easier to make than the other type, 

pressure at the joint. but not quite so effective in prevent- 

ing possible leakage. 



A useful clump made of thin sheet metal for fitting 
over the piston rings and assisting in replacing the 
cylinder. The damp is screwed up moderately tight 
to compress the piston rings so that the cylinder 
can be gradually worked down on to the piston, 
forcing the clamp before it. 
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The Finning of Piston Rings 

If it is found necessary to pin a set of rings, it is the best plan to 
arrange the pins 120° apart, and then very carefully notch the ends 
of the rings with a very small round the, so that the semi-circular 
notches just close over the pins. Care should be taken that the pins are 
screwed tightly into the piston and do not stick out as far as the surface 
of the piston, 'since they would be very liable to damage the cylinder 
bore. As regards the lit of the rings in the grooves, they should just 
be a free fit, neither tight enough to bind nor slack enough to rock. 
Tight rings may be eased by grinding one of the edges on a sheet of 
fine emery cloth fastened to a piece of board planed quite flat. The 
ring is gently rubbed backwards and forwards with a downward 
pressure. After long periods of running, a deposit of charred, or 
partially charred, lubricating oil is liable to form behind the ring and 
interfere with its free movement: it is a good plan, therefore, when 
overhauling the motor to slip off the rings from the piston and 
thoroughly clean out the . grooves with a sharp-edged piece of metal 

Reboring Cylinders 

The closeness of fit of the piston rings against the cylinder walls is, 
of course, very important. As a rule, on modern engines the rings do 
not require renewing more than once in 20,000 miles, ^ providing that 
the lubrication has been always efficient. After this distance it is the 
best course to have the cylinder bore tested for accuracy previous to 
fitting new rings, and if any appreciable inaccuracy is found to have 
developed, due' to wear, to have the bore ground out true. New rings 
working in a worn cylinder will not retain the compression, and thus 
them will be an appreciable loss of power. 

If re-boring be not decided upon, the rings, when on the piston, 
should bo ground in by means of emery and oil, the piston being 
worked up and down in the cylinder, by hand, using a short bar of wood 
placed through the connecting-rod big end to obtain a grip. 

Cause and Remedy for Engine Starting Difficulties 

Whilst it is true that, nowadays, to get an engine to start up with one 
or two turns of the starting handle is a very simple matter, even on a 
frosty morning, thanks to the great improvements that have been 
effected in the carburetter and the magneto, there is still an occasional 
instance met with, chiefly in the case of inexperienced car owners, when 
a start up is not easily accomplished. 

A few words on the subject may, therefore, be useful, as, if starting 
difficulties do occur, the raw, damp weather of the sort associated with 
winter in this country is the most likely to produce them. If an engine 
will start up the first or second turn when it is warm, but requires an 
indefinite amount of handle grinding when it is cold, it is safe to con- 
clude that it is the mixture which is temporarily weakened. 

The magneto can, therefore, be left alone, because, if its adjustment 
be correct, no external influence will affect it adversely — with this one 
qualification: that if the car has been standing in a damp motor-house 
or garage for several nights, and assuming that the magneto is not quite 
the latest waterproof pattern, some of the moisture niav have got into 
the distributor and caused temporary “shorting.” Faulty setting of 
the plug' points, i.e., too wide a gap, is a possibility. As previously men- 
tioned, the gap should be | mm. to ensure a spark at starting. 

As the distributor is §o easily accessible, it can be examined and wiped 
dry if need be, but it is best left alone, except when the conditions are so 
bad as to necessitate attention. In a damp garage spots of condensed 
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moisture, or even a complete film of iftoistwe, may collect on the insu- 
lators of the plugs. In this case, a rub over with a clean absorbent rag 
can be recommended. There is nothing further than these simple mat- 
ters to be considered with regard to the ignition, although it may he 
mentioned that, if a switch be fitted, care should be taken to see that 
the ignition is switched on. 


Enriching the Mixture 

4 Concluding, therefore, it is simply a matter of getting the carburation 
right, that ds, to obtain a rich enough mixture, the solution of the 
difficulty will be found in temporarily shutting off the auxiliary air 
supply at the carburetter. If this is not controllable, an expedient 
often used is to close the air port with a piece of rag or waste — a crude 
method, perhaps, but one that answers the purpose. A vigorous flooding 
of the carburetter by sharply depressing the float pin is indispensable 
in the obtaining of an initial rich mixture. All that remains now is to 
crank the engine sharply over ; the more vigorously it be done, the more 




SAFETY STARTIN’ G HANDLE 

The risk of a backfire at starting 
up can be avoided with this de 
vice which is shown taken apart. 
In principle it is a combination 
of an expanding and contracting 
clutch wi'h a ratchet drum. In 
the event of a backfire the rat- 
chet drum is held by the pawl 
and the central clutch ring au- 
tomatically contracts and dis- 
connects from the other part 
which U attached to the engine 
shaft. In ordinary forward ro- 
tation the clutch is expanded 
giving a solid connection be- 
tween handle and engine. 


probable is it that the firing will be -effective. If the engine is “ stiff,” 
a few drops of paraffin injected into each cylinder is necessary to enable 
the vigorous swing over to be obtained. 


K Sharp Full Necessary 

The reasons why a vigorous swing over greatly helps in starting are 
several. There is' the strong suction caused on the jet of the carburet- 
ter, the petrol issues forth in a strong jet, and the high velocity of the 
air rushing past the jet atomizes or breaks up the liquid petrol into the 
finest particles, the air thus becoming Well “ carburated ” and readily 
ignitible. Secondly, the explosive charge in the cylinder, in the act of 
sudden compression, becomes heated to a greater extent than it would 
under a slow compression ; this also increases its inflammability. 
Thirdly, the spark from the magneto will be of greater volume and 
intensity in proportion to the rapidity of the armature movement. 

M 
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Engine Stoppage Bub to Air or Petrol. Vapour Xjock 

The trouble will probably be found to be an air lock having formed in 
the pipe. A small column of 'air becomes trapped in the petrol supply and 
forms a sort of cushion., which refuses to budge unless considerable pres- 
sure can be brought to bear upon it. The trouble will be .more prone to 
develop in a long and unduly small-bore pipe with a number of bends 
or alteration in level. The only remedy i.s < to rearrange or put in a 
new pipe with as unrestricted a run. as possible. 


Petrol Pipe in Faulty Position 


There is another phase of this trouble, but, strictly speaking, it is a 
petrol vapour lock. It will occur if any part of the petrol supply pipe is 
near enough to the exhaust pipe to become heated. The petrol in the 
pipe vaporizes and sets up a counter-pressure which effectually checks 
the flow of petrol to the carburetter. The remedy is obviously to bring 
the pipe to the carburetter another way and clear from proximity to the 
exhaust pipe. 



A convenient form of valve spring compressor: 
the bell crank lever forces the spring away from 
the cotter by means of the screw.' 

Method of grinding-in a valve. It will be noted that, a 
small light spring is^plaeed temporarily under the valve 
head, the purpose of it being to lift the valve from the seat 
when the pressure of the brace or screwdriver is occasion- 
ally released, This prevents scoring of the surfaces or for- 
mation of ridges by the abrasive material. Before grinding- 
in the valve should be examined to see that it is quite true. 
Several special valve grinding tools are now made which 
are more convenient than a brace, as the necessary back- 
wards and forwards motion and downward pressure are 
obtained simultaneously with minimum labour. 


mm 

Tools for truing-up valve seating and face of valve. The cutter on 
left is inserted in place of valve, and rotated with a brace. The 
hollow cutter is used by placing the valve in it and rotating it. 
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Removing Halve Springs 

Both inlet and exhaust valves nowadays have very strong springs, 
and to remove them necessitates the use of a valve-spring- compressor. 
There are any number* of these devices on the market, but they 
are not uniformly effective by any means. Some of them slip at 
the critical moment, usually resulting in the operator damaging his 
knuckles. In some designs of valve-spring remover the principle 
is that of a pivoted lever, the fulcrum of which is taken on some 
adjacent part of the crankcase. A better form is that provided with 
a screw somewhat on the principle of a G clamp, the screw being 


Simple method of compressing' a valve 
spring between the jaws of a vice. 
Whilst compressed it is tied up with a 
loop of wire or string in two or three 
places. When the spring is thus tied 
up under tension its replacement is 
easy. 


pressed down on the head of the valve or the cap, whilst the slotted 
lower limb of the G pulls against the can holding the spring. There is 
no risk of the device slipping, which is likely with the other pattern. 
Another form consists of four bars of steel which can be pegged together 
to form a square. In the upper bar the screw is fitted, and the lower 
one hitched under the valve spring. It is very simple and adjustable to 
any type or size of engine in a minute or so, owing to the large number 
of holes in the bars allowing the pegs to be adjusted to any position. 
As a temporary ot improvised spring lifter, a pair of large-size gas pliers 
with thin jaws may be used. 




A convenient valve-grinding tool 
which reduces the amount of work. 
A rotary movement of the handle 
gives the valve a similar motion, 
but also an alternatively progres- 
sive one, so that the position ol' the 
valve is continually altering rela- 
tive to the seating. 


Grinding in of Halves 

When the face of a valve becomes rough and pitted, causing loss of 
compression, It is necessary to regrind it with flour emery and oil; a 
little of this should be placed between the valve face and* its seat and 
the head worked briskly round — with a screw-driver placed in the slot 
the use of a brace saves time — till the surfaces become smooth. It is 
advisable to lift the valve off its seat occasionally in grinding. The 
valve during grinding-in should not be turned round continually in 
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one direction, as this tends to form rings or grooves on the surface. 
A backwards and forwards motion is best, the valve being frequently 
altered as to its position with the seating. Care should be taken to 
clean away any trace of emery from the valve passages to prevent it 
reaching the guides. 

Only "the finest emery powder must be used for this purpose. Most 
of the accessory houses supply a suitable grade, known as “ 220 Corn 
Emery.” Carborundum powder of the finest grade cuts quicker than 
emery, and some motorists prefer it Only a touch of the grinding 
mixture should be applied, and unless the hint just given as to lifting 
the valve off the seating occasionally to change the position be followed, 




Re-cutting a worn or 
badly pitted valve seat- 
ing with a special tool. 
The necessary pressure 
on the cutting tool is ob- 
tained by a screw-down 
plug of hard wood fitted 
in the aperture over the 
valve. The plug is 
drilled in the centre to 
guide the tool. 




a bad surface will be obtained. To finish off the surface, rottenstone 
and oil may be used. As to how often a valve should be ground in is 
a somewhat variable figure, but taking an average, once in 1,000 miles 
suffices for the exhausts, and once in 2,500 miles for the inlets, if the 
engine has had normal and careful use. When the valve face is badly 
pitted it should be placed in a valve truing tool (sold at accessory shops) 
and a new surface cut on it. A special tool is also made for truing up 
the valve seating. 

Cause of Yahre Pitting" 

Should tile exhaust valves require frequent attention, it indicates 
that either the engine is being driven on too weak or too rich a mixture, 
or the exhaust gases are being throttled, which causes the valves to be- 
come much overheated. Throttling may be caused by the valves having 
insufficient lift or the silencer being choked with carbon deposit. An 
overheated valve, will often be found to have warped. The head and 
stem should then be reset true in the lathe. 

Care of the Steering Gear 

To ensure efficient lubrication of the ball joints or connections of 
the lever arms, they should be protected by leather cases filled with 
grease. The leather case keeps out the grit, and only requires very 
occasional inspection and replenishment. All joints and pins left un- 
protected should be kept oiled constantly, ana examined occasionally 
to make sure no lock-nuts or split pins have dropped out. All these con- 
nections are subjected to very severe vibration and shocks, and any worn 
pins and bolts should at cnce be replaced. If an obstacle is encountered, 
or anything in the nature of a collision takes place, the steering gear 
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Spring Lubrication 

should be the first part to be examined, and any repairs carried out at 
a competent repairer’s. Everything depends upon these few levers and 
connecting rods of the steering gear. 

Lubrication of Springs 

A detail which, if attended to, conduces much to the easy running . 
of a car, is the oiling of those parts of the springs upon which the 
leaves move. It is becoming the practice to make provision for proper 
lubrication at this point, which is easily done by drilling a hole through 
each leaf, as otherwise it is not easy when the weight of the car is on 
them to introduce any oil into the interstices. Very frequently, . how- 
ever, rust is seen along the joints, showing that water can get in, at 



any rate, and oil will work its way in, too, if applied at the edges, but 
it will probably be found that this can be more efficaciously done if the 
blades are separated by means of the special appliance illustrated. 

Rust' in the springs affects their proper movement, and causes 
mysterious squeaks as well. The joints of the links connecting the upper 
arid lower portions of the springs at each end should also have a little 
oil applied occasionally. It is when performing this duty that timely 
opportunity often occurs of observing defects of loose nuts in the neigh- 
bourhood. The nuts belonging to the clips which hold the springs on to 
the axle often display a tendency to work loose, and if this is not 
remedied the axle will be thrown out of line, with more or less serious 
consequences to tyres and driving gear generally; or, if the front axle 
is in question, the steering may be affected. 



Lubricating the surface of the separated The same tool used as a temporary cramp 
spring blades. to secure a broken spring. 


If a car is overloaded much beyond its normal capacity, extra work 
will be thrown on the springs which may give rise to breakage when 
the cards being driven over bad roads. An extra leaf added to the 
springS'is advisable for overloads. Considerable advantage to the life of 
the springs is obtained by having shock absorbers or buffer blocks fitted. 
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Tyres and Rost 

Bust, has a vary serious effect on the fabric of tyre covers j _ in fact, 
causing rotting of the fibres. Cars that have done much work in snow, 
slush and wet" should at the earliest opportunity have the inside of the 
tyres examined for rust marks, and the inside of the rims repainted if 
there are any bare places. In any case, rims should be thoroughly 
cleaned and smoothed down at rough places and repainted at the be- 
ginning of the -season. A slow-drying enamel varnish should be used 
in preference to the usual quick-drying enamel, which soon chips. 

Failing Off in Petrol Efficiency. How to Make Tests 
A question that is frequently asked concerns the gradual ’ increase, of 
petrol consumption which some cars exhibit after a moderate period 
of use unless carefully looked after. There may not be any very 
apparent reason for this falling off, the carburetter having been 
carefully overhauled, compression and sparking arc- . quite normal, no 
undue friction is apparent in the transmission, all joints in the petrol- 
supply system quite tight. In such a case as this where the petrol 
consumption has become nearly doubled there must be some very marked 
reason for it. Leakages of petrol between tank and carburetter are 
commoner than would be suspected, and unless the examination, is 
very thorough a leak may easily escape detection. A clue indicating 
whether the increased consumption is due to a leakage or a falling oft 
in the general efficiency of the engine and transmission is to note the 
position at which the throttle lever has to be set for a given speed on 


A mileage per gallon indicator, 
which enables a test to be 
made with a small quantity 
of petrol. The tube is at- 
tached to the carburetter tem- 
porarily, the instrument being 
mounted on the dashboard. 
For getting a new car into 
efficient running order this in- 
strument is particularly useful. 


a known stretch of road. If a speed indicator is fitted to the car, a 
more accurate estimate can be made. Obviously, if the throttle has to 
be opened much wider than before to get the same work out of the 
car, it is evident that there is a waste of power going on somewhere. 

Occasional tests should be made of the mileage which can be obtained 
per gallon of petrol under a. given set of road and weather conditions. 
This shows whether the engine and transmission are maintaining their 
efficiency. 
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Fitting a New Clutch Covering 183 

Fitting a Mew Leather to a Clutch 

The smaller the angle of the cone of a clutch the greater must be 
the pressure and friction between the two engaging surfaces; the 
larger the diameter and the higher the speed, the greater will he the 
horse-power transmitted by a clutch. From these facts some of the 
causes' of failure, whether it be due to slipping or fierceness, may be 
recognized. .Thus, in a metai-to-metal clutch, the friction between the 
two members will be less than where the driven cone is faced with 
leather or some other suitable material. Consequently, the cure for 
slipping in such a case is to be found in providing for the fitting of a 
lining. It is assumed, of course, that the spring pressure is already 
as great as can be applied conveniently. It may be, on the other hand, 
that the angle of the cones is excessive, and this must be reduced 
slightly by turning; in the lathe and fitting a thicker leather or some 
other clutch material afterwards. 

Where a clutch proves too fierce, seizing its load too suddenly for 
comfort of driving, either the spring tension can be eased or the" face 



Shape of new leather strip, for covering: clutch cone, as marked out 
from the old piece used as a pattern. 


of the cone may be so treated that the co-efficient of friction is de- 
creased. Generally this can be accomplished, in the case of a leather- 
covered clutch, by replacing the leather with one of the special wire- 
asbestos substances manufactured specially for dutches and brakes. 


Dismantling the Clutch 

The fitting of a new leather is a task which can be performed, quite 
successfully by anyone possessed of ordinary workshop facilities. 
But, first of all, make certain that a new leather actually is wanted. 
If the existing one is but worn unequally, it is .possible that truing-up 
will suffice to render the clutch serviceable again. Assuming that the 
dutch is one of the internal type, that is, the small end of the con© 
facing outwards, the clutch members should be taken down, and to 
do this have ready three long bolts of a similar diameter to those 
holding the outer clutch cone to the flywheel rim. Take out three of 
these bolts equi-distantly around the wheel, and substitute temporarily 
by the long ones, nutting up loosely. Now remove the remaining 
original bolts — there will probably have been not fewer than six in 
all— when the pressure of the clutch spring will be sustained by the 
three long bolts. Ease clown gradually by slackening off the nuts 
along the bolts, and the clutch can be taken apart without any difficulty 
whatever. Subsequently the process can be reversed for reassembling. 

Take the leather-faced member and bolt or “dog” it to the face- 
plate of the lathe, being careful to set it perfectly true. If the rivets 
holding the leather in place project at all, these must be filed or 
hammered down well below the surface. When hammering down any 
rivet, remember to hold the nose of another hammer hard up against 
the reverse end of the rivet. 
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A piece of -medium-grade glass-paper, cemented to a -wooden holder, 
may now be applied to the surface of the leather while running the 
lathe fast. This will very soon ' remove ^irregularities and charred oil. 
The surface can be finished by means of a smooth “sleeker” of hard 
wood or bone forced against the running leather under a liberal dosing 
of Coll; m or castor oil. Assuming, however, that a new leather or other 
fabric must be fitted, begin by removing the old material. Do this 
with the utmost care in order to avoid stretching or tearing the old 
covering, which will be required for a pattern or template. A good 
method is to take a sharp punch, such as is used by a saddler, and 
large enough to cover the rivet heads completely. Circles can then be 
punched out enclosing the rivets, and so releasing the leather quickly 
and easily. The small piece left behind with each rivet may, lastly, 



Ail .alternative method of fixing 
on anew clutch leather to cone. 
r i he ends of the leather, after 
being cut true, are riveted 
close up so as to require the 
leather io be forced on to the 
cone. The elasticity of the 
leather will enable this to be 
done. The holes are then 
drilled and the leather riveted 
up in the usual way. 


be cut away and the loose rivet heads nipped off and the. shank 
punched through. Should it be desirable to cut the new material into 
more than one piece, divide the old leather into the required number 
of pieces before detaching. The several parts will thus form absolutely 
true patterns. The new material, when cut to shape, should be fitted 
in position and secured for the time being by binding with string. 
Next, the necessary holes must be marked off through the corresponding 
holes in the clutch cone. On removing the leather it can be punched 
and the boles countersunk carefully by means of a small, sharp knife. 
Biveting on may then be proceeded with, and, this being completed, 
the clutch should be trued in the lathe and dressed as previously 
directed. 


Remedies for Harsh and Slipping Clutches 

Some clutches which become “fierce ” only require treatment of the 
leather to effect a cure. One plan is to clean the leather with paraffin 
and apply a small quantity of a mixture of graphite and glycerine 
occasionally. Another plan is to fix under the leather a number of 
narrow . slips of vtery. thin springy metal such as brass or steel, say, 
eight pieces £ in. wide set at equal distances and given a “ set ” so 
as to cause the leather to expand slightly, and thus prevent too rapid 
engagement, A slipping clutch may require the spring tensioning or 
the leather cleaning with petrol. Collan oil should then be applied 
to make the leather supple, The use of re-sin should he avoided. 
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Choice of a Clutch-covering Material 

A few remarks may be offered with respect to the choice of a lining 
material. If leather is decided upon, let it be a piece of “ chrome 
butt.” This is somewhat expensive, but- it is practically everlasting. 
It possesses the further advantage of being less liable to stretch than 
ordinary leather. Nevertheless, it is advisable to wet and stretch 
any leather before making it fast finally. Materials such as Feroclo 
are preferred by many to leather, from the point of view of durability, 
especially as it is made moulded to conical shape. 

Wear in Clutch Actuating Gear 

The thrust washer inside the clutch must be examined and cleaned. 
If damaged in any respect renew it entirely. It is in the operating 
fork, clutch braking arrangements and other contiguous fitments that 
the closest attention will be required. Wheresoever there is shake or 
play due to wear it will be necessary to fit new pins, new bushes, or 
new slides. There is such an extensive variety of clutches and clutch- 
operating gears that it is impossible to do more than generalize in 
referring to the work of adjustment. 

While at this part of the chassis, look to the lay shaft carrying the 
clutch and brake pedals. It may need some adjustment at least. If 
the footplates of the pedals have become so much worn as to be smooth, 
it is a good plan to level them off by filing, and fasten upon each, 
with three or four screws, a plate of ribbed aluminium, such as is sup- 
plied for the covering of footboards. Moulded rubber covers are also 
obtainable for this purpose. 


Switch attachment for spark- 
ing plug for “shorting” the 
spark when testing cylinders. 
This fitting is equally suitable 
for magneto or coil ignition. 
The ping, however, must not 
be kept “shorted” for more 
than a few moments to avoid 
heating the coil or magneto 
winding. 


Methods of Testing Sparking 1 Pings 

Take the instance of a four-cylinder engine with coil ignition, misfiring 
in one or two cylinders, due, perhaps, to a fouled plug- The principle of 
the test is to cut out three cylinders simultaneously by lightly depressing 
three of the trembler blades, by which action those three coils ara 
switched off; by the beat of the one cylinder, call it No. 1, left firing, it 
can at once be determined if it is misfiring or not ; then three more 
cylinders can be cut out, and No. 2 left in.' and so on. Some coils 
are provided either with a short-circuiting button for each section, 
or a trigger which holds the trembler down at will — a very convenient 
arrangement. The test can be made single-handed ; but it helps con- 
siderably if an assistant can depress the tremblers, as then the 
observer can pay more attention to the beat of the engine. 
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Causes of “Knock ** in an Engine 
Probably no trouble prone to develop in the engine is so difficult to 
locate and remedy as a bad and persistent knock. Every motorist of 
experience knows that an engine will knock or run with a, hammering 
kind of noise by advancing the ignition beyond the normal working 
point for a given rate of revolutions, and he also knows that he can 
advance the ignition more when the engine is running fast than when 
it is running slow without knocking occurring. ^ Advancing the ignition, 
even a very slight amount, with engine moving very slowly as at 
starting, results in a back-fire, and the knock is not so much heard as 
“ feltd' Too advanced ignition is not quite the same as pre-ignition, 
which, likewise, can cause severe knocking ; but this condition must 
also not be confused with self-ignition, although both may occur nearly 
simultaneously. Faulty carburation, that is too rich a charge, or carbon 
deposit on the piston caused by over lubrication may result in pre- 
ignition. Strictly, a pre-ignition is a too-advanced ignition occurring 
without the agency of the spark. On the other hand, self- 
ignition, resulting from the same cause, may (and often does) occur 
at approximately the correct firing moment if the engine be running, 
on about half throttle. A not uncommon experience is to find that, 
on switching off the spark and cutting off most of the gas, the engine 
fires with perfect regularity for some hundreds of yards, but finally 
misfires and stops. If the * throttle be opened full whilst the engine 



deposit of 
carbon on 
PISTON TOR 


is thus running, it generally results in a severe knock taking place. 
It is easy to follow why this is; more gas means higher compression, 
and the greater heat induced raises the igniting media to the critical 
point of incandescence earlier in the stroke. The trouble may still 
occur even after the combustion chamber and the top of the piston have 
been well scraped from carbon deposit. Small particles of carbon may 
remain concealed in the valve ports; the cleaning out should be as 
thorough as possible, using a scraper formed out of a strip of steed. 

Another source of pre-ignition arises from a very small defect in the 
cylinder casting in the shape of a minute fin or projecting hit of metal , 
or a e< wire edge 5 * at one of the valve ports. The result is that the bit 
of superfluous metal reaches the incandescent stage under certain con- 
ditions and causes self-ignitioi> of the charge. 

Too High Compression 

Some very puzzling cases of knock have finally been traced to the- 
compression being too high, resulting not so much in actual pre-ignition 
as in too rapid burning of the charge. The charge could be compressed 
high enough to ignite spontaneously. With super-compression 
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■j • Knock From Worn Bearings 

j of the charge instead of a K gradual expansion t of the ignited gases 

I ' a “ detonation ” occurs. A reduction of compression often effects a cure 

| in certain engines prone to knocking. There are two or three ways of 

j doing this : the cylinders may be packed up, a shorter connecting rod put 

| in, or if the piston has sufficient metal in it a certain amount can bo 

turned off the head, thus increasing the compression space. Engines with 
too high compression never run smoothly ; even though there is no actual 
knocking, the vibration caused by overcoming the compression is 
i excessive, A cylinder gauge can be used to test the degree of com- 

| pression — 90 lb. is considered a safe limit. 

| 


Illustrating a usual source 
of knock due to oval 
worn bearing of large end 
of connecting rod. 


Mechanical Causes 

We now come to purely mechanical causes of the trouble. The petrol 
engine, being of the intermittent torque class of motor— that is, the 
motion is not continuous and rotary as in a turbine or electric motor — 
requires all moving parts to be as close a working fit as possible, to 
onsure smooth running. Any undue wear or backlash in the bearings, 
or any inaccuracy in the alignment between two moving parts, setting 
up intermittent stresses, will cause the trouble, but it is not generally 
so marked, or likely to have such serious consequences, as the knock 
resulting from pre-ignition and faulty timing. It is quite easy for a 
practised ear to distinguish between the two kinds of knock. An 
engine with loose bearings may, if need be, be run for a considerable 
time without anything serious resulting, but it cannot be regarded as 
good practice to allow the bearings to get into a bad state of wear. 
These should be taken up or adjusted as soon as it is convenient to do 
so: this means, of course, when the car can be spared. The true 
alignment of engine shaft and clutch largely depends on the bearings 
being in good order. Special attention should be paid to the connecting 
rod bearings, as there is a greater tendency for these to wear oval, 
taking, as they do, the direct thrust from the explosion, and with a 
tendency to wear on one side. Care should be taken to see that the 
cylinders are firmly screwed down by the flanges to the crankcase. 

"The nuts securing the connecting-rod bearings should always be 
tight and held by split pins. Any slacking back would result in a, bad 
knock and probable damage. 

Knock can he caused by a badly fitting piston. The proper clearance 
should be l-1000th in. The lower end of the cylinder may be worn oval 
or bell-mouthed. The remedy is to have the cylinder bore ground true 
and a new piston fitted. 

Knock Caused by Insufficient "Lubrication 

The smooth working of the pistons against the walls of the cylinders 
obviously depends on there being constant lubrication of the surfaces. 
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Cylinder Cleaning or Decarbonising Processes 



Hand scraping method with special tool. (B Clevaing the piston head. 
(2) Cleaning the combustion, chamber. (3) Blowing out the powdered 
carbon deposit by means of nozzle connected to a tyre pump. (4) Lifting 
stray particles of carbon by means of a brush inserted through valve 
port. 



Pressure 


Oxygen process. The principle of this is the application of a stream 
oi oxygen gas, regulated to about 15 lb. pressure, on to the heated 
carbonized surfaces. A taper or spirit torch is first introduced into the 
cylinder to heat the carbon. On turning on the gas the carbon is 
volatilized. 
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/ Locating Noises in the Transmission 

I Any falling off in quantity, or even quality, of the lubricant may cause 

either knock or thump, so that this fact should be kept in mind if any 
trouble of this sort develops. The engine may be in good mechanical 
I condition, yet, running with nearly dry cylinders, a knock would be 

• inevitable. 

j The lemoval of Carbon Deposit 

j There are a number of methods for effecting this. There is the use of 

I a liquid decarbonizer, which is poured into the combustion chamber. i 

j After a time the carbon deposit is softened, and can he blown out of the ! 

j cylinders after starting up. Another plan, and a very effective one, is i 

! to burn out or oxidize. the carbon by directing oxygen gas into the 

I heated cylinder. This is a patented system, but the" plant for the pro- 1 

| cess is in use at many repair shops, llie mechanical methods comprise I 

that of disintegration of the carbon by the Use of rapidly revolving 

cutters or chains placed in the combustion chamber. The powdered 
carbon can then be blown out by air pressure. Then there is the old 
time method of using scrapers of various shape. These are introduced 
into the cylinder by hand after it has been dismantled. This method 
is a laborious one, but generally effective. 

Moises in the Transmission, etc. 

The most usual noise which cars develop is that of a humming or 
grinding nature, and this may be safely attributed to worn gears in j 

the gearbox, unlubricated gears, -or the bevel gear in the rear axle j 

requiring adjustment. . ,j 

: Squeaks are of three kinds : the continuous, the regularly intermittent. .j 

; and the occasional squeak. The first will generally be found to originate ij 

in a small bearing, the second at larger surfaces and such parts as 1 

universal joints, and the last to come from such details as the springs, | 

j lever connections, etc. It is obvious that, in looking for points from .j 

j which the squeak may arise, the first step is to ascertain if the noise 

j comes from the engine, the clutch operating gear, the transmission or j 

j the brakes. If the car be stopped with the gear lever in neutral, and 

j the squeak continues, it of course follows that the cause of the trouble 

is in the engine, the clutch gear, or the gearbox. Iri order to eliminate j 

the latter, the clutch pedal may be depressed, when, the clutch being 
withdrawn, the gear shaft will come to rest. Movement of the clutch j 

j pedal up and down should enable it t® be determined if the clutch 

withdrawal collar, etc., is at fault, and if it is not, the remaining j 

possible source of the squeak is the engine.. As instances of usually 
| unsuspected causes of squeaking in the engine, it may be mentioned 

j that a drop of oil applied to a valve spring has often stopped the noise, 

[ the springs being cut of the straight, and so touching the valve stem 

■f guide; whilst a squeak noticed upon turning the engine by hand may 

often be traced to the revolving grip of the starting handle. Should 
the squeak discontinue when the car is stopped, it is evident that j 

it originates in the transmission gear, wheels, or brakes. The best 
way is to determine if it is the brakes which are at fault. This is ; 

worth while trying before stopping the car. First of all make sure 
that the brake* lever is as far 'as 'it will, go in the “off” position, 
then slightly apply the brakes, noting if this has the effect of varying 
or increasing the noise ; if it increases when the brakes are slightly 
applied, it will be obvious that the source is at this point, and a drop 
of oil may be put on the drums or the brakes re-adjusted to effect a 
| remedy. *If the noise occurs only when the car is reversed, it does 

j not of necessity imply that the reverse pinion of the "ear is at fault, 

* and it may often be traced to the above cause, certain forms of brakes, 

j especially those to be found upon cars of early construction, having a 

j tendency to bind upon the drums when the car is run backwards. The 
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trouble very rarely originates at the wheels; feeling each wheel bear- 
ing to note if it is hot will quickly enable it to be determined if the 
lubrication here is at fault. The universal joints of shaft-driven cars 
receive, in the majority of cases, far less attention than they should, 
and in certain designs of propeller shaft especially' a squeak may 
readily arise through neglect of this detail. If this is suspected, the 
actual source may usually be determined upon removal of the floor 
boards, and then pushing the car backwards and forwards a foot or 
two ; in the block form of universal joint, a handful of grease pressed 



into the block guides will effect an immediate remedy, or in the case 
of the pin type a few drops of oil will serve to lubricate the joint. It 
is in cars of older make that this trouble is most likely to occur, and 
with the attention which has been paid to the proper lubrication of the 
universal joints in more modern designs, mysterious squeaks are hardly 
likely to originate in this portion of the car's mechanism. Intermittent 
squeaks generally come from the springs, both the shackles and leaves 
being liable to give notice of friction in this way if not properly at- 
tended to. Therefore, some lubricant should be introduced between 
the leaves occasionally. A small instrument is obtainable from acces- 
sory depots for assisting in locating knocks, etc. It acts on the principle 
of the physician’s stethoscope. 



How to Us® the Spanner 

To a careful observer of car mechanism in many cases there is indis- 
putable evidence that the owner has not learnt how to properly 
manipulate the all-useful spanner. It is by far the most necessary and 
often used of all the t-ools in the motorist’s kit, and yet, perhaps, no. 
other tool is capable ol doing so much damage when carelessly handled. 
This applies more particularly to the adjustable spanner — the standard 
size box and key spanners do not admit of serious misuse, as these 
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-will practically only fit those nuts they are made for. The fundamental 
rule for using an adjustable spanner is first to get as tight a grip of 
the sides of the nut as possible by screwing up the jaw till it will, go 
no further when applied to the nut. When the sharp corners o & the 
nut are found worn away, or burred up, it has undoubtedly been 
caused by the spanner slipping through not being properly adjusted. 
This commonest fault is illustrated in Fig. A. The consequence of con- 
tinued slipping is that the nut soon becomes useless, and cannot be 
moved till new faces have been made on it. The next fault is that of 
not placing the spanner far enough on the nut (Fig. B). This also tends 
to burr up the comers of the nut, and, at the same time, it strains the 
jaws of the spanner badly, so that, when next applied to a nut, it will 
not fit the sides accurately, as shown (Fig. C). The spanner properly 
applied is shown in Fig. I). As a rule novices err on the side of apply- 
ing far too much force rather than too little in tightening up a nut 
Of course, it must be made secure, or the consequences may be ve-rv 
serious ; but, all the same, it is e-asy to overdo it, and possibly strip 
the thread from the bolt or nut. The practised hand never uses a big, 
long-handled spanner on a small nut if he can avoid it. A big span- 
ner. of course, is a very powerful lever, and with even slight pressure 
on the handle enormous force is applied on the nut. For small nuts, 
such as are used on the carburetter, ignition and lighting devices, etc. , 
an ordinary bicycle spanner — a good quality one, with hardened jaws— 
answers perfectly well. There is a tendency amongst some novices to 
foe continually using a pair of gas pliers for unscrewing small nuts. 
This is a bad practice, and one to foe avoided except in a case of 
emergency, such as when the spanner is mislaid. Pliers may be used 
for moving round milled-edge nuts that have got. fast, although these 
are never intended to be screwed up with anything but the fingers. 



Damaged Screw Threads 


Whilst dealing with the subject of the tightening up ot nuts it is 
opportune to mention a few of the commoner mishaps that may occur 
when tightening up nuts and bolts. The first of these is that of a nut 
becoming cross-threaded, and the finer the pitch of the thread the more 
liable it is to occur. It is caused by the nut not being started pro- 
perly, and the nut has got slightly on the skew. This is always known 
by the fact of a nut that has gone on its bolt easily before suddenly 
getting tight. No nut should be such a tight fit to its bolt that it 
cannot be turned once or twice with the fingers to make it engage. 
Fig. E gives an idea (exaggerated) of a cross-threaded nut. Suppose a 
nut. cannot' be made to start on its thread as it should do, it will 
probably be found that the first thread on the bolt has got burred (Fig. 
F). This is very likely to occur if the end of the bolt has been struck 
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with a steel-headed hammer. A piece of brass, soft metal or libra 
should always be interposed. This defect can be made right by filing 
off the burr and clearing the start of the thread with the edge of a 
smooth half-round hie. One of the worst mishaps that can occur is to 
twist off a. bolt at some important part of the car mechanism, such as 
a holding -down bolt tor the engine cylinder. Tile usual cause oi such 
a breakage is trying to force the . nut up against the shoulder or dead 
end of the thread (Fig. G-). A washer or two slipped over the bolt will 



FIG. G. FIG.. H. FIG. I. 


prevent it (Fig. H). Sometimes a bolt has its thread badly cut; that is 
to say, it is not of uniform diameter throughout its length, usually 
widening towards the base (Fig. I). Now, if a nut fits the smaller end 
well it will jam on the wide end , and if it is forced on further, one of 
two things will happen — either the nut will split or burst, or (if it is a 
very strong one) the holt will twist off. The remedy is to have the 
thread on the bolt touched up by running the cutting die along it. This 
is, however, a job Sor the repairer who has the necessary tools. Occa- 
sionally nuts become very tightly fixed on the thread, and, as often 
happens, the position of the nut is so inaccessible that the task of 



Emergency method of using a spanner which is too large for the nut. A coin 
may be used as packing, or a short piece of round file inserted. This latter 
method will serve well in the ease of a nut with worn corners. 


removal is by no means easy. It is important first of all to see that 
the spanner has a good hold on the nut, and for inaccessible positions 
an. Auto-cle set of box spanners, with universal joint, is "a useful 
tool. . With this arrangement a nut can be got at in most awkward 
positions. When a good grip of the nut has been obtained, it is equally 
important to be certain that the effort to turn it is being made in the 
right direction. Now it is not at all unlikely for one to tighten a nut 
instead of loosening it by unthinkingly applying the force on the 
spanner fyom left to right, instead of from right to left. It is just 
possible, of course/that the thread might be a left-handed one; but 
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Loosening Tight Nuts 

it is the exception to use left-handed threads in car construction. If 
the nut fails to move with a reasonable amount of force, examine the 
thread on the bolt and see if this is burred over slightly at the end. 
This would account for the trouble. 

Application of Paraffin to a Tight Nut 

_ A method worth trying is that of warming up the nut by pouring a 
little paraffin or petrol over it and lighting it. The result 'is, in many 
cases, that the nut expands sufficiently to ease it on the bolt. It is 
better if, previous to warming the nut, some paraffin is poured over it 
and left oh for some hours, in the hope that some of it may work down 
the thread. Steady application of the spanner (if necessary a piece of 
iron tubing can be slipped over the handle to increase the leverage) 
should suffice to move the most refractory nut. It is important never 
to use a tight-fitting sparking plug, no tighter than will enable a 
small spanner to screw it up. If it has to be forced it may prove an 
extremely difficult matter to unscrew it. A good plan is to rub a 
little graphite grease on the threads of any new plug when fitting. 



Combination pliers, with renewable cutting jaws. Provision 
is made for gripping nuts, etc. 

Treatment of an Immovable Nut 

A nut may defy all the usual methods to loosen, such as extra long 
spanners, application of paraffin oil, heat, chisels, etc. Evidently, 
in this case the nut has become securely rusted up on the 
thread, and the only result of extreme force would be to twist the bolt 
and probably break it off. The proper course is the rather drastic 
one of splitting the nut on one side, thus springing it open, when it 
can easily be "removed. With an ordinary geared hand drill and a 
sharp bit a couple or more holes are drilled down from the upper face 
of the nut and so close together that, by means of a chisel, they can 
be cut through. Providing one can conveniently manipulate the drill, 
the operation should not take many minutes to perform. The bolt, 
of course, is not injured in the process. 



Ratchet spanner. Part cut away to show the mechanism. 


The Use of Uock Nuts and Spring Washers 

. Owing to: . the vibration to wh ich the nuts used • on the mechanism: of 
a car are subjected, it is usual to provide means to prevent the nuts 
accidentally slacking back. Neglect of such provision may easily lead 
to serious trouble or damage resulting. The castle-headed nut is largely 
adopted, in which there are a number of slits across the upper face of 
the nut, one of which registers with a hole in the bolt, and through 
which a split pin is passed, the ends of the pin being then opened out. 
Spring washers are less effective, but answer well enough for the less 
vital parts of the mechanism. There are, however, several forms of 
spring locking washers which hold the nut positively, and these are 
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quite safe for any position. Where none of these devices are available, 
a loose nut can be rendered secure by screwing another nut on top of it 
if the thread is long enough. If not,* a smart tap from a centre punch on 
the last thread of the bolt will burr the thread ami keep the nut on. 

Special Types of Spanners 

There are numerous designs of this tool made with a view to facilitat- 
ing- unscrewing and screwing up of nuts. One of the most convenient is 
the ratchet spanner, which acts by a ratchet or back and fro motion 
without having to lift the spanner from the nut for each movement. 
It is of the box type and not adjustable, .so that a set must be kept to 
suit various sizes of nuts. Of the adjustable type of spanner there 
are many which give a quick adjustment on to the nut. Of the box type 
of spanner the variety is also a large one, and there are others made on 
the principle of a pair of pliers with serrated jaws, but designed to 
exert extra grip and leverage. For (small nuts these tools are very 
handy and save time. 


Useful set of box spanners 
which all fit in the same 
holder and thus economize 
space in the tool out tit. 


Testing Wheel Alignment 

Relative to the expense of tyre upkeep, it has been shown that a 
good deal of unnecessary wear and tear results from faulty alignment 
of the wheels. In some instances the life of the tyres has been 
shortened by one half of the normal running life, and this, of course, 
is a pretty serious matter. In the tyre makers’ instruction booklets 
this matter of alignment is invariably mentioned. Readers are told 
to “ see that the alignment is correct,” but the information stops 
short at this, and the really important part is omitted. When a car 
leaves the factory the alignment of the wheels is, or is supposed to 
be, exactly right. The influences of hard work on the road and 
general wear and tear are always tending to impair the accuracy of the 
original alignment, so that it is safe to say that it rarely remains 
mathematically correct after the car has had its first run. But this is 
not what causes the trouble with the tyres. It is the minor mishaps 
and “ general banging about ” to which the average car is subjected. 
For example, it is difficult to avoid at some time or other striking a 
very bad stretch of road with deep holes or gutters on its surface. In 
the daytime a careful driver would watch carefully for the holes and 
inequalities, and, if he had to go over them at all, would slow- down 
as much as possible. At night time it is difficult to avoid a bad hole, 
and one or other of the axles is slightly strained and the alignment 
disturbed. Some axles, of course, are stronger than others, but to 
make an axle proof against every conceivable contingency would in 
many cases necessitate piling up the weight more than is desirable in 
the case of light and medium-po-wered cars. The axle proper may be 
slightly strained out of truth by a severe shock, or a collision may 
affect the steering axles on which the wheels pivot.. Striking a kerb 
obliquely when stopping is not an unusual cause of one of the steering 
axles being strained, and the damage is rarely suspected at the time. 
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Wheel Alignment Tests 

Bad cases of faulty alignment and strained axles can be seen every day. 
It does not need a mechanically-trained eye to detect them. These cars 
have a “ gone at the knees ” appearance, which is unmistakable. The 
steering wheels, when looked at end on, seem to be making for the 
side streets instead of going straight ahead. A strained back axle and 
one wheel running much out of lateral truth is a not uncommon 
spectacle. 

There are many people who own cars who no doubt have been not 
a little surprised to find that the front wheels do not stand straight up, 



but are tilted appreciably. Note Fig.- 1. The wheels are canted inwards 
at the point of contact with the road. This is done purposely by slightly 
canting the axles on which the wheels pivot — not the axle proper. One 
reason is this : the spokes of the wheel are not set dead straight between 
the hub and the rim. By slanting them a little, the wheel is made 
stronger and can resist any blows in a sideways direction better than 
when the spokes are set straight. But it has to be borne in mind that 



the weight of the car is supported on one spoke at a time, and it stands 
to reason that the w eight will not be properly supported by a slanting 
spoke. The spokes are therefore brought into an upright position 
bv the simple expedient of setting the wheel a few degrees out of the 
vertical. Another reason is that the steering centre line is brought into 
coincidence with the line of tyre contact with the road. This makes the 
steering easier. On some cars the pivot is set inside the hub centre. To 
prove if each wheel is inclined the same amount, the exact middle 
of the axle should be found by measurement. If a plumb bob is 
dropped from this point, and a mark made on the ground, the distance 
to each inner edge of the wheel should be exactly the same. To make 
this test the car should stand on a good surface, with the tyres pumped 
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equally and very hard. The front wheels should be set straight in 
line with the rear ones. It has to be assumed also that the wheels 
run true laterally. Fig. 2 is that of a bad ease of deflected steering 
axle such as might be caused by the wheels striking a rut at higti 
speed. This would easily be apparent Without making measurements. 
Fig. 3 shows one wheel deflected and the other correct; in this 
case the wheels are supposed to be set quite vertically. By the plunio 
bob test aforementioned, the distance B to A would be greater than 
0 to A. In a bad case B to A might be from 1 to 2 inches greater 
than C to A (Fig. 3). This test is all right in so far as a vertical 
direction is concerned, but the wheels have to be always “ parallel 


JrV /T\ 



FIG. 3. 


in plan,” that is to say, if you are looking down on the wheels from 
above when these are set to steer straight ahead the appearance should 
be like Fig. 4, page 196. If they are like Fig. 5, page 196, the wheels 
are badly set. 

The Straight Edge Test 

If the wheels are quite parallel, as shown in plan, the distances 
from A to B and from C to D must be equal. These measurements 
can easily be made with a long strip of wood or straight edge, or even 
a stretched piece of string. It may be that in some instances this 
want of parallelism is due to the steering link or crossbar being too 
short; or, if adjustable, it has not been set correctly to bring the 
wheels quite parallel. In cases where the wheels are built up with 
straight spokes or wire no canting may have been given, the 
wheels standing quite vertical. The same tests for vertical parallelism 
and also in plan can be applied. There is another fault which may 
arise : the front and rear wheels may not track with each other. On 
chain-driven cars an arrangement is always provided to adjust the 
tension of the chains equally by means of an adjustable stay or bar 
at the ends of the axle. Unless considerable care is taken when 
adjusting these stays, the axle may not be truly at right .angles to 
the frame of the car. This will be very bad for the tvyes, and also for 
the chains and chain sprockets. Here again the alignment test can 
be applied, a long straight edge being laid across the outside face 
of the front and rear wheels. If both sets of wheels are in track, the 
straight edge (or stretched cord) will just touch equally at the four 
positions. In a case where the steering wheels are canted, the test 
should be made rather low down. The same fault would be indicated 
by the car leaving two distinct sets of tracks behind it when running 
on a wet road. It will be obvious that. the front wheels make one 
track and the rear wheels another. A fairly common remark made is 
that a certain set of wheels do not run true.” This defect should not 
be confused with the previously mentioned ones, which mainly concern 
the setting of the axles. But, nevertheless, wheels out of truth will 
have a bad effect on the tyres, as the tread is worn unequally. A wood 
op wire-spoked wheel may become out of truth laterally as the result 



the car, of course, being pet exactly central. The divergencies from 'correct setting are shown exaggerated fo 
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of a blow or similar accident, and it is a defect easily noted by spinning 
the wheel round. A piece of chalk held close to the edge of the rim 
whilst it is spinning will rub at some points and not at others. This 
test should not be made on the side of the tyres, but on the rim, 
because tyres are not always moulded dead true, may not have been 
adjusted to the rims quite accurately, or a' detachable non-skid may 
have been fitted, and these often result in a slightly “ wobbly ” 
appearance, although the wheel may be quite true. A wheel may also 
be out of truth circumferentially, but rarely so except as the result of 
very bad workmanship in building the wheel. In cases where faulty 
alignment of the wheels is the result of strained axles the remedy must 
be effected at the repair shop, as the parts have to be taken off and 
trued up by means of special appliances. In some instances the parts 
have to be heated. 
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Remedies for Explosions in tlie Silences? 

A car that is addicted to exhaust-box explosions is a trial to its 
owner and a nuisance and danger to the public, and it is worth poing 
to a good deal of trouble to cure it. The main cause of it is explainable 
in simple terms: unfired charges from the engine collect in the exhaust- 
box, and if a slow-burning charge in . one of the cylinders* follows the 
ejection of the former, it is bound to explode them. In this as in 
the case of backfiring along the induction pipe, it is the gas which is the 
principal factor contributing to the trouble. If, when on the road, a 
car suddenly develops the defect of persistent banging in the exhaust 
box, and loss of power, .which will follow as a matter of course, it 
will be safe to deduce that there is something wrong with the car- 
buretter or the petrol supply, a stoppage in the jet or petrol pipe, or 
the tank running short of spirit are almost invariably indicated by 
exhaust-box explosions. These explosions may vary in intensity a good 
deal,; it depends largely on the type of exhaust box fitted: the more 
resistance offered to the exploded charges the louder the report ; it 
may, in fact, easily happen that the ends of the exhaust box may be 
blown out. A good idea, which, however, is rarely put into ’practice, 
is to fit a safety valve which will open under any undue internal pres- 
sure Many an exhaust box would thereby be saved from destruction 
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A Carburation Test 

Another, but more obvious, reason why these explosions sometimes 
occur is switching' off and on with the throttle open, a practice 
some motorists adopt when descending hills, through having no pro- 
vision lor throwing ah air port open so that the cylinders can draw in 
air instead of mixture for compressing to obtain engine brake effect. 
When switching on again there is always the risk present that the 
exhaust box, full of mixture, will go off, especially so if the spark is 
retarded^ because then the charge will still be in process of combustion 
when it is ejected through the exhaust valve. 


Test for Efficient Carburation 

Many car owners appear to overlook the fact that running the engine 
light and noting the nature of the exhaust gives one a reliable general 
indication of whether the carburation is good or bad. A practically 
odourless and colourless — or, rather, a smokeless— exhaust is a good 
indication. There is no mistaking the somewhat pungent odour of an, 
over-rich mixture exhaust, whilst an excessively over-rich mixture pro- 
duces • a 4 ‘ black ” exhaust, which might be fairly compared to the 
smoke from a paraffin lamp turned too high. But it must be remem- 
bered that even a perfect mixture and high-grade petrol will not give 
an actual odourless exhaust; there is certain to he a slight charac- 
teristic smell, not easy to describe, but this does not come from unborn t 
petrol. Using a sheet of clean, white paper as a background, a 
“clean” exhaust should show but the faintest of a brown tinge. Of 
course, in making such a test, it is to be assumed that the lubrication 
of the engine is normal, and that no vaporized oil, with its resulting 
smoke, is, coming through -.with the exhaust. 


How to Grip the Starting Handle 

Many mishaps, such as a sprained or even fractured wrist, have 
occurred when starting up the engine because the handle has been 
gripped the wrong way. In the event of a back-fire jerking the handle 
backwards, it will automatically free itself if held in the right way. In. 



should be given an upward pull and not a downward push. The fingers 
must embrace the handle rather loosely, as shown,, so that no resistance 
is offered if it- jerks back, which usually results if the ignition is too 
much advanced. If the handle be gripped in the wrong way , as shown, 
it is obvious that the wrist must suffer in the event of a back-fire. 
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HINTS IN BRIEF 

The collection of.. rain-drops on a glass windscreen which obscures the 
view of the driver can be prevented by rubbing the- weather side of the 
glass with a piece of clean rag moistened with glycerine. 

Leather upholstery that has become stained and shabby can be much 
improved by treating with one of the various leather revivers sold in 
a number of colours 

A Cape hood which is no longer waterproof and has become soiled 
can be restored as new by careful painting with a special waterproof 
varnish sold for the purpose. 

Holes in the fabric of a Cape liood should be neatly patched with 
pieces of the same material sewn or cemented on from the inside. 

Two very useful preparations arc Chattertoivs compound and Seeeo- 
tine. With these any repair requiring the aid of a strong adhesive may 
be effected. ChattertoiTs compound is used hi the manner of sealing 
wax. l't is an excellent insulator for electric-light or ignition wires. 

Water which comes from a chalky district should preferably not be 
used in the water-circulation system, because, this results in deposits of 
lime forming in the pipes and radiator. Distilled water costs about 3d. 
per gallon only, and can be obtained through any large chemist or 
druggist. Failing distilled water, well-filtered rain-water should ho 
used. 

The standard anti-freezing mixture for use in the circulation system 
in winter time is : One part best quality glycerine, three parts water. 
Loss by evaporation should be made up by adding water only. In 
exceptionally frosty periods the proportion of glycerine should bo 
slightly increased. An extra precaution is to cover the radiator with 
a heavy rug or sacking when the car is garaged or- standing in the open. 

Iron cement is useful for sealing a crack in a cylinder water-jacket or 
any other metal part not necessitating a welded repair. Leading acces- 
sory concerns supply it. 

Brasswork that has been polished and has to be left for any lengtn of 
time, especially in a damp place, should be well vaselined. ' This also 
applies to iron or steel work. ' There are, however^ anti-rust prepara- 
tions sold. 

The threads of sparking plugs, valve port caps, and exhaust pipe can- 
nections should occasionally be brushed over with some powdered 
graphite. This prevents seizing or binding of the threads from the 
oxidizing action of the hot gases. 

The exhaust pipe and silencer generally tend to become rusty. There 
are a n umber of ways by which this can 'be minimized. The simplest is 
to well brush the surfaces with blacklead at intervals, after clearing 
off any mud, etc. A more permanent protection is obtained by using 
galvanizing paint. 

A sparking plug should not be so tight a fit in the cylinder that it 
cannot be screwed in with the fingers for at least two-thirds of the 
thread. Otherwise there is risk of a cross-thread or badly-cut thread 
jamming tight. 

To test, the firing of the cylinders independently, the magneto cables 
should not be disconnected, as this throws a severe strain on the insula- 
tion of the armature of the magneto. The proper way is to have a 
short-circuiting switch or cut-out fitted to each plug. 
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The sparking plug terminals, or the magneto terminals, unless of the 
insulated pattern, should not be touched whilst the engine is running, 
as this results in a severe shock being received by the operator. As a 
precaution against this, the plugs can be fitted with anti-shock con- 
nectors. 

It always saves time In investigating for causes of misfiring to try the 
effect of a, new set of plugs, because, iii the majority of cases nowadays, 
any persistent misfiring is due to a sparking-plug defect. 

The standard width of the sparldng-plug gap is half a millimetre or 
l-50th in. A wider gap than this may cause difficulty in starting up. 

The best surface on valves and valve seats is produced by the use of 
a proper tool, known as a valve-seat cutter. When valves are ground 
in in the usual manner a. finish should he given with either crocus 
powcler and oil or fine glass powder and oil. 

If exhaust valves require grinding in more than once in 1500 miles, 
it proves that something is at fault. It nmy he too rich a mixture, a 
choked silencer, valve lilt diminished, or ignition timing retarded. 

After, say, 6000 miles running, the valves, more particularly the 
exhaust valves, should be tested between lathe centres and set, true. 
More or less distortion of the valves takes place after continued use. 
If the stems are worn thin at the top or show badly-scaled parts, it is 
safer to replace them by new valves. 

If the valves, owing to many seasons hard work and frequent grinding 
in, have sunk down into the seating, it is advisable to have the seating 
recut and a new and slightly larger set of valves turned to suit, other- 
wise considerable throttling of the gases will occur. 

Squeaks from exhaust valves may generally be stopped by dropping 
a small quantity of powdered graphite down the guides. 

If the valve tappets are noisy, a great improvement can be effected 
by having steel caps with fibre insets fitted. The smallest amount of 
clearance^between the stem and tappet should be allowed. 

Noise from the valves is accentuated if the springs used are of un- 
necessary strength. In many instances weaker springs may be advan- 
tageously used. 


Summary of Defects that may Occur in Running and 
What they may Arise from 

Engine stops. — If suddenly, may be due to failure of the spark — 
Ignition circuit disconnected — Broken wire— Magneto defect— Terminal 
loose — Wire broken under the rubber insulation. 

Gradual stoppage, with misfiring .—Petrol all used up — Carburet- 
ter choked with grit at the jet or gauze filter — In pressure-fed cars the 
pressure pipe may be leaking at one of the unions, or be choked up with 
carbon — Petrol tank air bound — Petrol supply tap may have partly 
closed — Sparking plugs fouling through over-lubrication — Petrol pipe 
sprung a leak, or union come unscrewed — Platinum contacts of magneto 
require cleaning. 

Loss OF POWER, ENGINE FIRES BEGTJLAR/LY, RUT IS WEAK.— LOSS of 
compression at valves or plugs, sometimes at the piston rings (but not 
a usual fault) — Mixture too rich in petrol, due to flooding carburetter 
— Engine not getting enough lubrication — Spring on inlet valve weak — 
Lift of exhaust valve reduced— -Silencer outlet choked with mud or 
charred oil — Valve tappet clearance too small or too great. 
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Loss of pofrER, engine firing irregularey. — Defective connec- 
tion at some part of circuit — Partial short-circuit— Insulation ^ of high- 
tension cables damaged, and spark jumping to “ frame’ ’ — Moisture on 
plugs- — Damp in the magneto distributor— High-tension terminals on 
magneto loose or damaged— Sparking plug cracked or insulation broken 
down— One or more cylinders misfiring. 

Overheating, as indicated by water in radiator boiling- — Defective 
circulation — pump out of order — Supply pipes or radiator tubes partly 
choked with" fur (lime) — Steam lock in pipes — Inside of one of rubber 
joints fouling bore of pipe — Driving too long on low gear — Fan stopped 
working (belt broken or slipping) — Mixture too rich in petrol — Using 
excess of gas — Spark retarded — Exhaust throttled — Timing of valves 
incorrect — Silencer choked up. 

Engine runs well, but car drags. — Clutch slipping — Oil on leather 
— Spring wants tensioning — Leather worn and wants renewing — If a 
metal plate clutch, springs at fault or plates worn — Brakes partly on. 

Knocking in engine. — Pistons and cylinders require cleaning free 
from carbon deposit — Lubrication defective (a bearing may have <£ run ”) 
—Ignition too far advanced — Self ignition due to fouled plugs or over- 
heating — Loose or worn bearings — Gudgeon pin loose— Badly fitting 
piston— Cylinder loose on crankcase through nuts slacking off. 

Abnormal noise from transmission gear (other than due to unskil- 
ful changing of the gears). — Want of lubrication of gears in change- 
gear box or bevel drive on back axle — Pinions damaged — Teeth broken 
or worn down — Nut loose in gearbox and fouling gears — Clutch drum or 
flywheel loose — Universal joints on transmission shaft badly worn 
or damaged — Bearings in gearbox worn, allowing shafts to rock about 
—Sliding member of clutch out of alignment with cone (sets up harsh 
grating noise) — Wear of jaws of positive clutch in gearbox. 

Hissing sound from engine. — Sparking plug broken or worked 
loose — Joint between engine and exhaust pipe loose — Union of exhaust 
jacket pipe to carburetter worked loose — Exhaust pipe cracked — Com- 
pression tap left open — Broken piston rings— Crack in piston. 

Squeaks and similar noises. — .Fork actuating clutch wants lubrica- 
ting — One or more bearings overheating and want of lubrication — One or 
more of the brakes partly on — Bearings of spring shackles want lubri- 
cating (on some cars the spring ends work in a slide, which requires 
occasionally lubricating) — Valve stems running dry in the guides. 

Engine refuses to start. — Ignition out of order— No spark — Very 
poor compression — Mixture too weak — Air inlet at carburetter wants 
partly closing— Leakage of air past inlet valve stems — Plug defective — 
Water in the petrol— Water in the cylinder due to leak between jacket 
and cylinder (sometimes occurs in engines with separate heads, or where 
a screw plug is fitted between jacket and cylinder)— Petrol or other fuel 
of too high a density. 

Explosions in the silencer. — Mixture too weak to fire, or mixture 
right but sparking wrong— One cylinder missing fire and pumping ex- 
plosive charges into silencer, which ignites from the heat of the next 
exhausted qharge — -Petrol supply failing— Choked jet in carburetter. 

Engine continues firing when switched off.— Carbon on sparking- 
plug points or piston heads- — Badly-designed plug, the points of which 
become incandescent. *. 

■ Engine very difficult to pull round for starting, or refuses 
to move at all.— Engine may be 4 5 in gear.” See gear lever is in 
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neutral position. . (This is very important. )— One or more pistons have 
seized, due to failure of lubrication, or use of inferior oil— Injection of 
paraffin into cylinder may remedy it — A bearing may have seized. 

Exhaust pipe becomes bed-hot. —Running too long on low gear— 
Using too much gas— Driving with spark retarded— Exhaust throttled, 
insufficient lift of valve, or choked silencer — Over-rich carburation — 
Exhaust pipe too small in diameter. 

Lubricator stops working.— On the older type of cars the pressure 
pipe from exhaust may be choked up with carlxm— Cover of lubricator 
leaking — Feed nipples choked— Pump of mechanical lubricator broken 
down: 

Explosions in carburetter or inlet pipe.— Inlet valve not closing 
properly — Spring defective- — Valves overheated — Mixture, too weak — 
Valve timing incorrect — Inlet and exhaust timing overlapping — Igni- 
tion retarded too far. 

Crankcase becomes very hot and engine weak.— Serious leak of 
exploded gas past piston rings — Rings worn or broken — Crack in head 
of piston — Gudgeon-pin loose in piston and allowing gas to escape 
along bearing. 

Oil on clutch leather. — Leak from gearbox along shaft— Too 
much oil in box — Leak from engine into underscreen. 

Oil on valves and sparking-plugs. — Excessive lubrication of en- 
gine — Cylinder bore worn oval — Piston rings a loose fit — Running en- 
gine downhill with throttle shut (oil is then sucked on to top of piston). 

Petrol pails to reach the carburetter. — Gauze strainer in base of 
carburetter choked — Obstruction in the supply pipe — Air lock at a 
bend in supply pipe — Pressure leakage from tank, or if a gravity tank 
it may be air-bound— Floating obstruction in petrol tank covering the 
petrol outlet — Petrol pipe near exhaust pipe causing a vapour lock— - 
Petrol pipe connection nut worked loose. 

Continual emission of smoke from silencer. — Engine being over- 
lubricated, readjust lubricator to give a slower rate of oil flow — The 
emission of black smoke indicates that the carburation is too rich. 

Crack in cylinder. — Water in combustion chamber or in crank 
chamber indicated by air bubbling through radiator on pulling engine 
over compression. 




An example of a complete four-cylinder power unit with clutch, gearbox, control. levers, &e, 
Ready for mounting in the frame, and connecting up by a transmission shaft to the hack axle, 


CHAPTER XIII 

Private Owner's Garage or Motor-house 

Neither a stable nor coach-house is, in one instance out of a thousand; 
exactly suitable, for a motor- house, and alterations are always neces- 
sary, although it might happen that in occasional cases those altera- 
tions need only be slight in their character. The coach-house is in-, 
variably much too small to be used as a motor-house, because no work 
is ever needed to be done to a carriage there. Washing and cleaning 
all take place in the yard, and then, when it is put away, a small, 
unlighted place is all-sufficient for storing the vehicle. The stable is 
seldom arranged so That, when cleared of its stalls and its fittings, it 
could be used to keep a car in. One reason is that the doorways are 
seldom, if ever, wide enough. 

When a motorcar is to be housed, ample room is required in a 
properly paved, well-lighted structure with wide doors, a pit, cupboards 
for accessories and sundries, a working bench, and other suitable equip- 
ment. If the stable and coach-house adjoin, the removal of the parti- 
tion between them may give the requisite, accommodation, and where 
one car is kept the following are the minimum dimensions : — Length, 
18ft.; width, 10ft. ; height, 9ft. It would be preferable to have a 
length of 25ft., a width of 12ft., and a height of 10ft. ; whilst, if two 
cars be kept, it is better to place them side by side in a house not 
less than 20ft, wide. 


An Inspection Pit Useful, but Mot a Necessity 

The need for a pit is much less nowadays than it- used to be in the 
early days of motorcars ; but although it may only be needed for t he 
purpose of giving comfortable working access to some part of the 
mechanism about "three or four times a year, when it is wanted it is 
usually wanted very badly. The depth need not be so great as it is 
usually made. A convenient size is to make it 9 ft. long, 2 ft. deep and 
2 ft. 6 ins. wide. Pits can now be obtained made in galvanized iron to 
any required dimensions. This plan avoids the expense of a brick or 
concrete lining to the pit, and it is easy to keep clean. A portable seat 
should be kept in the pit, and this can be moved to a comfortable posi- 
tion and the worker can be seated. 

Large drip-pans running on small wheels should be placed under each 
car to catch drops of oil and thus protect the floor of the house and 
prevent oil being transferred to the tyres. 

It is absolutely essential that ample top light should be provided. 
This is very seldom the case with either a stable or a coach-house, 
and where conversion takes place large roof-lights should be put 
in, otherwise there is constant trouble to anyone working on t-h# 
mechanism. The glass employed in roof-lights should be rough-rolled, 
so that direct sun-rays cannot pass through. It is also essential that 
the bench should be ‘placed in a good light, a north light running the 
whole length of the bench being the best scheme. Wherever possible 
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electric light with a few wall-plugs should be installed. A wall-plug 
in each side of the pit proves a convenience, as it saves a wire run- 
ning across the floor to the underside of a car. Wire in such a posi- 
tion is sure to trip one up in a hurried excursion from the pit in 
search of some required tool or part. 



Hot water heating apparatus for motor-house. The small 
boiler is heated by gas, and is fixed in an iron box outside 
the motor-house. (The chimney fitting on top of the boiler 
is not shown). 

To be able to move a car about conveniently in the motor-house a 
device known as a “ skate” fixed under each wheel is useful. This 
device works on castors and makes an efficient substitute for a turntable. 

Sliding doors may sometimes be introduced with advantage, and 
in any case, except where the building is of very large dimensions, a 
doorway for each car should be provided. Ample cupboard and shelf 
room is indispensable One large cupboard, with suitably-arranged 
racks for tyres and air tubes, should be fitted up. It should be made 
quite dark, under which condition rubber is best kept. 

The racks should be arranged out of curved pieces of wood, so that 
tyres and tubes (which latter should be kept partly inflated) can be 
supported upon them, for, say, 2 ft. of their circumference. 

The Warming a Motor-house 

This is always a problem, but it must be faced. In the case of a 
doctor’s car, for instance, it is not permissible to empty the radiator 
every night as a precaution against frost. Refilling might mean a 
fatal delay. The best method is, perhaps, a hot-water system supplied 
from a boiler over an outdoor stove, such as is employed for green- 
house work ,* but this means stoking unless gas be used. An electric radia- 
tor which could be switched on from the house would be an excellent 
device, as the effects of a sudden and unexpected frost could be checked 
without, maybe, ‘-someone turning out in the night air. Another reason 
for keeping the motor-house warm and dry is that tools will get into a 
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very rusty state if damp can get at them at all, whilst lamps and 
bright^ parts tarnish quickly, thus creating much unnecessary and 
unprofitable work. Suitable slow-combustxon stoves using a- solid 


Slow - combustion stove for 
garage or private motor-house 
use. It is charged with a 
special fuel which burns for 
many hours without attention. 
It keeps the atmosphere dry 
and warm and prevents freez- 
ing up of the water circula- 
tion system and rusting of 
metal work. 


prepared fuel, the safety of which is favourably spoken of by users, are 
now readily obtainable from accessory dealers. These form the cheapest 
and most convenient means of heating a motor-house. Washing- space 
with proper drainage and concrete or brick surface should bo 
arranged if it does not already exist, and it is better for this 
to be under cover if possible. A simple glass roof can perhaps be ar- 
ranged over the washing yard, when this operation can be done in 
comfort and regardless of weather. A stand-pipe equipped with hose 
is necessary, not only for washing, but for filling the radiator. 
Precautions should be adopted when washing down in order that 
petrol may not be carried down into the drains. Waste petrol or 
paraffin is best disposed of by pouring it over loose earth or gravel in 
any out-of-the-way place, but not over a garden plot or lawn. 

Precautions against Fire 

One or more small patent chemical fire extinguishers should be kept 
in a handy position in the unlucky event of a petrol fire occurring. 
These are very effective as they generate carbon dioxide gas, which 
soon quenches a petrol flame, whereas water does not. 

A quantity of sand kept convenient to smother a fire is the next best 
plan to a chemical extinguisher. 

Construction of a Motor-house 

It is much, the more satisfactory plan to have a motor-house built 
if ground space is available. The important factors in planning out 
the construction are the overall dimensions of the car or cars to be 
housed. It is advisable to obtain the exact overall dimensions from 
makers; these are, however, usually given in the catalogue. Space must 
be allowed at ends and sides of car "of not less than 3 ft. 6 ins., preferably 
4 ft. 6 ins. Where several cars are housed, about 3 ft. between each 
should be allowed. The doors should be sliding or hinged outwards, and 
high, enough to pass car in easily with hood up; an allowance of 9 ft, 
should be ample. 




Scaie o? 


Index to reference letters : G, garage; P, pit; R, overhead crane run*, 
ways;- S, workshop; O, office; W, washing yard. The heating is 
effected hy a greenhouse boiler at B. and piping (as shown by broken 
line following outline of building). The washing yard has either a 
cemented surface, or is laid with stone setts. A “fall” is given from 
each corner, as indicated by diagonal lines meeting at the grating T. 
Broken lines at L indicate a suitable direction for laying pipes to the 
surface drain. 
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Lighting a Motor House 

A cement floor, although generally adopted, is not the best, as it 
absorbs oil and becomes unsightly. “ Granolithic,” or atone flags 
make the best flooring. The walls should be faced to 4 ft. up with 
glazed bricks, and air gratings should be fitted just above the floor. 
Angles should all be rounded to help towards cleanliness. Drains 
should be open half-round channels. Lighting is best done by sky- 
lights and windows, although if a pit is arranged for, a long bow- 
window, quite near the floor, is very desirable, as a skylight, in this 
case, would be screened. Water should be laid on, and shelves and 
cupboard space provided for. 


Improvements in Motor House Design 

< As the result of experience, various practical improvements are con- 
tinually being introduced in the design and equipment of motor-houses 
and garages, and for this reason it is advisable for a car owner going 
to the expense of a private motor-house to obtain the assistance of an 
architect who has the necessary experience to he able to plan the 
motor-house to the best advantage and economy of space. The neces- 
sity for the place being dry will be obvious, and a proper damp-proof 
foundation may have to be laid down, and this requires that a careful 
investigation of the site will have, to be made. Where accommodation 
is limited, it is necessary to give proper consideration to the facilities 
for getting the car in and out of the motor-house and turning round. 
There are also many labour-saving devices which might he introduced, 
and the question of 'convenient storage of material to be considered. 



Electric Lighting Installation 

Artificial lighting is best effected by electricity, by reason of its safety 
and convenience. Even when no current supply mains are available, it 
may pay to put in a small low- voltage plant, with small battery of 
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accumulators. An inexpensive combined 1 h.p. paraffin- engine and 
dynamo, giving about 40 volts, would charge the cells, and the installa- 
tion could be of 25-volt metallic filament lamps. House lighting can be 
done from the ‘same supply. In this case the cells would have to be 
of larger capacity. The engine would be equally useful for driving 
a lath© or other tools in the motor-house. An alternative is to use a 
special garage paraffin lamp, with gauze protection, or enclosed in- 
candescent gas. A petrol store, of fireproof materials and well ven- 
tilated, should be arranged for at a distance about 20 ft. away from the 
motor-house. An excellent plan is to have a shallow pit built and 
concreted just below the ground surface, and provided with well -fit- 
ting hinged iron covers. C4alvanized iron receptacles are now made for 
the purpose*. 

Storing a Car in 'Winter-time 

Firstly, the car should* be thoroughly cleaned by means of a free 
play of the hose. Careful soaking off of the mud from the corners 
will be requisite here, and if, when the cleaning has been done and 
the surplus moisture removed, a brushing over with paraffin is 
given, it will be beneficial. This refers to the under parts of frame 
and machinery, and when thoroughly clean all such parts should be 
thickly coated with vaseline, this being more particularly important 
in places where the paint has been worn away in parts, or where there 
is no covering paint on the metal at all. The treatment with vaseline 
should be thorough and not scant, and the painted parts should re- 
ceive attention quite as much as the unpainted ones, because, although 
the paint is intended to, and does, prevent the contact of the atmo- 
sphere with the metal, if moisture is allowed to collect, and remain 
untouched, it will frequently eat through the covering and attack the 
metal below, not only causing the paint to chip and peel off, but re- 
vealing, then, the parts beneath deeply coated with a layer of rust. 

Treatment of Bright Metal Work 

The same treatment should be applied to all working parts, which 
should first be thoroughly cleaned from all old oil and the grit and 
dirt which it contains. Paraffin is best for this work, to be fol- 
lowed by a very thorough coating with the vaseline brush. And 
care should be taken that the vaseline is forced into all interstices, 
into corners around nuts a’nd other --such -like places where mo»:-sture 
can collect and cause rust. All metal parts outside the car should be 
treated in a similar manner. Plated or polished brass fittings, not 
omitting aluminium, should be first thoroughly cleaned and polished, 
and then treated with the rust preventer. A permanent protection for 
■ bright metal work is to treat it with transparent lacquer. This is 
easily applied by a brush. It saves cleaning, and if required to be 
removed, this can be don© with methylated spirit. Those parts of the 
chassis which form the outside of the car and are painted to corre- 
spond to the finish of the body, such as frame members, springs,, tyre 
rims, bonnet, radiator, the metal fittings on the dashboard, the metal 
mudguards, etc., should all be gone over with vaseline. The water 
should be drawn off from the entire circulation system, care being 
taken to see that this has been thoroughly done and that none, re- 
mams anywhere in the pipes, connections, or radiator tubes, or serious 
trouble may ensue when any frost comes along. When once the car 
lias been put into the place it is intended to occupy for the winter,, 
it is most important that it should not be allowed to rest upon its tyres, 
but all four wheels should be jacked up and supports placed underneath 
the axles which will carry the car with the wheels just free of the 
ground. A special type of jack which raises the* four wheels simul- 
taneously is now obtainable for this purpose. 
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The Appearance of a Car : Best Method, of Cleaning 

li the permanent. polish of the paintwork is to be seriously considered, 
a car should not be used on the road for a month after it is finished, 
and during that lime it should be several times washed down with cold 
water and dried off with a cloth. Upon no car, especially upon a new 
car, should mud be allowed to set. The car ought to be washed down 
directly it comes in, without giving the mud a chance to dry. 

Upon no account should dirt, dust, or mud be brushed off. It must 
be, in the fullest sense of the terra, 'washed off. If you have a hose, 
it will be very useful in getting the mud off the under "parts of the car ; 
indeed,. for dealing with this portion of the vehicle a hose becomes 
almost indispensable, if the mud is not to remain and gather, more or 
less permanently, there. 

In using the hose for the outside of the car — that is, for the wheels 
and bodywork generally — care is essential. In the first place, caution 
must.be used that the water goes nowhere but where it is intended to, 
and . is not splashed wildly about in every direction, both inside and 
outside the ear. Whilst a strong pressure of water from the nozzle is of 
considerable advantage in cleaning the underparts of the car, where 
the mud is usually heaviest, and in cleaning the underside of the mud- 
guards, it is a disadvantage when dealing with the' paintwork, because, 
if a strong pressure is used, it is quite as likely as not, in removing the 
gritty particles, to force them over the surface of the paintwork so 
forcibly as to scratch it. If it is possible to reduce the pressure in any 
way it will be advisable to do so. Apply the water with little force 
but in plenty. If this is done when a car comes in wet the mud will 
very speedily and easily be removed. 

The Removal of Dried Mud , 

If the mud has been allowed to dry, then no attempt must be made 
to get it off in a hurry. The water must be rather poured over it so as 
to thoroughly soften it and allow it to gradually be carried away as 
the water runs over it. If you have no hose, then the same principle 
must be observed. Plenty of water must be used, and applied with a 
large soft sponge. Upon no account attempt to rub the mud off. It 
must just be soaked off. A full sponge, gently squeezed above the part 
of the surface to be treated, will allow the water to run freely down 
over it, and so thoroughly wet and soak the muddy parts, and this can 
be repeated constantly" until all the mud has in this way been removed. 
Any attempt to brush or to rub the mud off, even if it is thoroughly 
wet, will inevitably cause scratching and deterioration of the surface. 
The spoke brush is a fine thing to save trouble ; but it is an equally 
fine thing for removing paint and spoiling finish. It will get the dirt out 
from between the spokes and from other odd corners in double quick 
time ; but the rubbing of the bristles and also the rubbing of the wood 
frame — which, however careful one intends to be, is brought in con- 
tact with the painted surface — will inevitably do damage and the 
seductiveness of the spoke brush should be "sternly resisted. An ex- 
ception may he made to the convenient cleaning device known as a 
water brush, which connects up to an ordinary water supply, and the 
water issues in numerous streams between the bristles. When all the 
dirt and mud has been soaked off, the surface can be gone over and 
gently rubbed with a thoroughly wet sponge, using perfectly clean 
water, and, preferably, a different and, of course, clean sponge, so that 
there may be no chance of its pores retaining particles of the grit 
which have been removed in the previous washing, and when this has 
been done the surface is then dried off with clean chamois leathers, 
Selvyt, or silk cloths. Needless to; say, the cleaning out of the foot- 
board and inside body portions of the car where dirt accumulates 
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is preferably done before the washing takes place, otherwise more 
work will be entailed in cleaning off the dust arising from this opera- 
tion. Always see that the chamois leathers and cleaning cloths 
are kept clean and dry and are used only for the cleaning of the body- 
work and upholstery. To use a chamois partly for . cleaning the 
machinery and partly for dealing with the body is a mistake, as the 
oils and grease thereon will not do the paintwork any good; and this 
draws attention to another point about which care must be observed, 
and that is, that neither petrol, paraffin, nor lubricating oil — especially 



Useful metal bound brush for cleaning engine and 
working parts of chassis with petrol or paraffin. 


the latter — be permitted to get upon any part- of the paintwork. If it 
finds its way there by accident, it must be wiped off instantly, more 
especially in the earlier life of the car, before the varnish has 
thoroughly set. 

The Proper Cleaning of the Bright Metal Work 

Irrespective of whether this is nickel-plated or finished in brass it will 
require to be constantly and carefully done, if the car as a whole is to 
present a pleasing appearance, and" for this purpose practically any 
good plate or metal powder can be used, care being taken that the 
powder is not spilt about, and that any which is so spilt is carefully 
removed when the cleaning process has been done. 

If the leather upholstery of the car becomes soiled, as it will, a wash 
with soap and water, or some of the special preparations sold for the 
purpose, will greatly improve its appearance, and if lubricating oil gets 
spilt about, a prompt application of petrol will do much to nullify its 
harmful effect, the results of the combination being immediately wiped 
off with a dry, clean rag, and washing as above follows in due course, 
with a final polish off with dry, soft cloths. If the car is fitted with a 



Water brush for coach work, wheels, etc. 


Hood, more especially if that hood is leather, it ought always to be keofc 
erected in the garage, so that the tension of the leather"is preserved, 
as, if this is not done, the leather will set in the creases and crack, 
and the hood, when erected for use on the road, will look untidy. This 
can be cleaned down in the same way as the leather work of the car 
body. When dealing with a car which is soiled with dust — that is to 
say, dry dust — the same care must be used in attempting to rub the 
dust off, the surface being gone over first with a full sponge and 
finished off as previously explained. 



CHAPTER XIV 

The Motorist’s Workshop 

To the practical motorist with some knowledge of the use of tools, 
and engineering practice workshop accommodation of some sort is indis- 
pensable. He takes a pleasure in the executing of minor repairs and 
adjustments to his car, and the making of mechanical devices embodying 
his own ideas, with a view to adapting them to his car and in- 
creasing the efficiency and pleasure of driving thereof. Moreover, by 
being able to effect practically all ordinary ' repairs, he is quite inde- 
pendent of the local garage and repair shop. He thus finds himself 
able to effect a considerable saving in expenses and he is not subject 
to the inevitable delays and worries inseparable from the outside execu- 
tion of orders to one’s own ideas. The term “ workshop,” from the 
motorist’s point of view, is a somewhat elastic one. It may mean 
anything from a well-equipped mechanic’s shop on which a considerable 
outlay has been expended, down to a simple working bench rigged up 


Parallel jaw bench vice. 
Indispensable for the work- 
shop. The jaws are of. 
hardened steel and are 
renewable. 


in the motor house, converted stable, or whatever place in which ha 
may store his car. There are, of course, quite a considerable number 
of enthusiastic amateur mechanics and car owners who take a great 
pride in their workshops, having them fitted up in the most up-to-date 
maimer with lathe, drilling and planing machines, etc., and even to 
the extent of having electric motive power and lighting. The majority 
of practical motorists can as a rule arrange for at least a working bench 
being fixed in the car house, and on the bench a vice can be fitted. 
It is indeed surprising what a great deal of useful work can be done 
with the usual equipment or kit of tools with which every car is, or 
should be, provided, and a bench on which to work. In deciding upon 
a suitable position for the working bench, if it is at all possible to fix 
it where there is plenty of light, sav, alongside a window, this should 
be chosen in preference" to elsewhere.' It is a great handicap to reliable 
work to have only a mere glimmer of daylight available and to work 
mostly by artificial light. If there is room available a be; ch 8 or 10 ft. 
long will be found most useful. 

Several types of working bench, properly fitted up with drawers for 
tools, racks and shelves for parts and materials, are now obtainable 
should the car owner not wish to have one specially made. In the latter 
case it should he of a solid structure, well made and fixed by a practical 
wood •worker. It should be 2 in. thickness of well-seasoned pine, or, 
better still, birch, or a combination of the two. The harder wood is 
capable of keeping its surface despite hard knocks and rough usage, 
whereas the softer woods are easily knocked about. Regarding the height 
of the bench it is very desirable not to have it too low. as this makes it 
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awkward to work at and strains one's back. A good average height 
is 3 ft., which will allow of the operator having a good command over 
the vice, but it is a simple matterto suit the height to one’s individual 
requirements. As to the width of the bench, from 2 ft. to 2 ft. 6 in, 
will be found ample. The vice and its fixing next claim attention. 
It is certainly worth while as one is about the work to purchase a 
useful tool and not a toy. A high -class parallel vice with steel jaws 
that will stand hard service is alone admissible. As to the best size, 
5 in. jaws are preferable, or not less than 4 in. The average cheap 
“ amateurs’ ” vice has a painful tendency either to break in two the 
first time it receives a hard knock, or, if not, the jaws refuse to meet, 
except perhaps at one corner. A convenient position in which to fix 
the vice is within a foot of the left-hand end of the bench, excepting 
of course in case this end c£ the bench abuts up against a wall which 
would prevent one getting elbow room to work. Regarding tools the 
usual supply found in the car tool kit will require to be added to, and 


Bench drilling machine with 
adjustable drill chuck. This 
useful tool can either be per- 
manently screwed to the bench 
or clamped on when required^ 
It can also be had with two 
speeds for fast or slow dril- 
ling, according to the material 
being drilled. 


these extras arc best kept in a drawer fitted in the bench or in a tool 
rack. A small grindstone and also a small emery wheel for grinding 
purposes should find a place in the shop. This latter is a most useful 
tool and an inexpensive one, which clamps to the bench and is driven 
by a treadle or hand gear arrangement which runs it at a very high 
speed. No workshop is anything like complete without a lathe "of 
some kind. Of all mechanical tools this is, par excellence, the one 
adaptable to all kinds of mechanical operations. Turning, boring, 
eerew-cutting, milling, grinding, polishing, drilling, slotting, sawing, 
wheel cutting, all come within the scope of a good lathe, and if one 
decides to complete the workshop equipment with a lathe, it certainly 
pays to go in for a tool which has been designed for the class of work 
for which it will be most used. 

Jbathe Equipment 

Treadle driving is a sine qud non, and with a heavy flywheel having 
roller bearings there, is power available to do any required ■ repair, 
or make any part of a motorcar that can be made on a lathe. An 
indispensable adjunct to the motorist’s lathe, which saves time and the 
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improvising of fittings is* a three-jaw chuck having independent!} - 
operated jaws. These chucks are known as the Cushman type, and 
they can grip anything from a needle to> a piston. Such a chuck 5 in. 
diameter will meet ail requirements. The fact should be noted that 
three independent jaws are preferable to the self-centring type., and 
for this reason the latter will certainly grip objects true when it is new 
and carefully handled, but under the stress of wear and tear it loses its 
accuracy. On the other hand, if each jaw can be adjusted separately 
the object can always be set dead true, as wear and tear does not affect 



the efficiency of the chuck. A reversible set of jaws is also an advan- 
tage, as large circular parts can then be gripped truly and securely and 
much, time is saved in mounting. 

Amongst generally useful equipment will be found a small bench drill- 
ing machine, bench hack saw, brazing lamp, and small vulcanizer. 

Electric Driving 

With any usual lighting supply of continuous or alternating current 
100 to 250 volts available a small electric motor* is by far the most con- 
venient source of workshop driving power. For the usual lathe, drill- 
ing machine, grinder, circular saw, etc., the minimum power motor 
advisable is & b.h.p. A larger motor of f or 1 b.h.p., however, should 
be installed if possible, as the margin of power is very useful at times 
and the running costs are no greater than with the smaller motor. 

Hardening Small Steel Farts 

Car owners sufficiently versed in mechanical practice to do their 
own small repairs occasionally wish to know the most convenient way 
of hardening steel parts, such as small pinions, bushes, nuts, cotters, 
and similar articles. Certain parts are better made from mild or 
Bessemer steel, rather than from tool steel; good quality iron may also 
oe used. It is not difficult to harden such parts on the surface, leaving 
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the mass or interior of the metal soft. The part in this condition is 
not so liable to break under shock or wedging action. It is possible 
to case-harden small pinions guite well by bringing them to a uniform 
bright-red heat and plunging them into finely-powdered yellow 
prussiate of potash, repeating the operation three or four times, and 
finally plunging into clean cold water whilst still at a red heat. The 
mild steel absorbs carbon from the potash to a depth of about half 
a millimetre, and this surface hardens perfectly on the final cooling. 
Nuts so treated resist rough usage with the spanner much better than 
an ordinary soft-surfaced nut. In treating parts of this class it is, 
however, important to remember that the threaded part should be filled 
up with clay, so that it does not come in contact with the carbonizing 


An indispensable lathe accessory is 
the three -jaw chuck, with separately 
adjustable jaws. The jaws are also . 
reversible, and thus a wide range of $; 
work can be gripped and centred./ 1 
This type of chuck has an advantage? 
over the self-centring type insomuch" 
that use and hard work do not affect ' 
the accuracy with which the part 
gripped can be centred. 


material ; otherwise it will be certain to be spotted. Any roughness of 
the surface, such as on the teeth of pinions, can be smoothed off with 
emery cloth wrapped over a thin flat file. Parts made from tool, or 
high carbon steel, are readily hardened by making them red hot and 
plunging them into cold water. The correct heat is important, because 
if the parts be heated to a very bright red, they may be. spoiled or 
decarbonized, and, if to a white heat, certainly so. On the other 



High-speed emery or carbon 
undum wheel grinder, with 
drill chuck attach naent. 
This very useful appli- 
ance sharpens many kinds 
of tools, such as drills, 
chisels, cutters, Ac., as well 
as being useful for trimming 
up castings and hard metal 
which cannot be filed. 
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hand, if made barely red, the parts will not harden. Another im- 
portant matter to remember, in hardening parts, such as pins, drills, 
and cutters, where the length is much greater than the diameter, 
is that they must be plunged into the water in the direction of the 
length — straight down and not horizontally — or twisting or warping 
is sure to occur. 

Methods of Tempering Steel 

A spring can be hardened and tempered nicely by heating uniformly 
to redness and plunging into ordinary -engine lubricating oil, then 
withdrawing and burning off the oil in the flame, that .is, to hold the 
spring in the flame till the oil has just flashed off and then with- 
drawing it. It is useful to know how to “let down” a hardened 
cart. One often notices on exhibition chassis gearwheels and similar 1 



Automatic Wow-pipe, 
using benzoline or 
petrol. The flame is 
intensely hot, and this 
appliance is invalu- 
able for soldering, 
brazing, forging and 
tempering small tools. 


parts which have a rich deep yellow surface coloration. This denotes 
a particular degree of tempering ; the parts are made less hard and 
brittle than when they come out of the water, which. 'leaves',' them 
dead hard.” A part to be tempered must first be cleaned up and 
polished to a fair surface before making “ dead hard ” in the way 
described. After this they have to be lightly cleaned up again, which 
is quite easily done with fine emery cloth* There are then several 
ways of proceeding. A very small *part can be fixed to a piece of 
steel wire and very cautiously held in the Bunsen flame (or the blow- 
lamp flame) till the polished surface takes on a uniform straw colour. 
The : instant ; 'this is. attained". the part must be plunged into water. 
The part can be kept in the flame longer till a deep straw colour 
merging into purple is attained and then cooled off. It will be slightly 
softer than before. It can be further “let down ” to a blue colour, 
when it will be soft enough to file with difficulty. Drills and small 
tools can be tempered quite well in a flame. Larger parts are better 
tempered on an iron plate on which has been placed a thick layer 
of fine sand and the flame allowed to play underneath. This ensures 
the part being uniformly tempered. '■ 

For making drills, cutters, small chisels* taps, drifts, and other small 
tools the best material is that known as “ Silver Steel,” which is sold 
in a wide range* of thicknesses from fa to § in., and m square and circular 
section. ■ ■ " 
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To solder, metal ..work, properly requires practice and judgment. 
Some classes of work can be soldered with an ordinary copper bit, 
others require the use of a fiame from a Bunsen.. burner or blast-lamp 
to raise the necessary heat. Cast-iron is very difficult' to solder, and 
aluminium requires special fluxes and manipulation. t Repairs to 
crank chambers of aluminium are best effected by an aluminium worker. „ 
Light work in wire, sheet and tubes of copper, brass or iron can. be 
soldered with an ordinary bit or in a Bunsen flame. The essentials 



Automatically lie a ted soldering bit with spirit burner 
using petrol or alcohol. 


are thorough cleanliness from grease and. oxide of the parts and the 
copper bit, a suitable flux, some good quality or “ fine ” solder, and the 
bit brought to the right heat. The ordinary flux known as “ killed 
spirits’* "is made by placing zinc clippings into strong hydrochloric 
acid till no more will dissolve. Special preparations such as “ Fluxite ” 
give very' good results in soldering and are not corrosive. Work 
soldered with spirits should always be thoroughly washed afterwards. 
Cored solder is very useful for some work, as it contains its own flux. 
The copper bit should always be kept well “ tinned ” and never heated 
to redness. To solder a large tank or radiator the water should be 
run out, the place to be soldered well prepared, and a large copper 
bit used, preferably one automatically heated by a blow lamp. Such 
a repair is not easy to make, owing to the large cooling surface of 



Hand vice. A useful tool for gripping small parts whilst being filed, etc* 

the metal. The tank or radiator may have to be taken off the car 
to do the repair conveniently. ^ A soldered joint, of course, will 
not resist much strain or vibration, and in some cases it is advisable 
to reinforce a repair by riveting. A brazed joint is much stronger, 
but brazing is a much" more difficult process than soldering and best 
left to a skilled hand to do. Small soldered repairs can be made 
whilst on the road very easily and conveniently by the use of a 
special outfit consisting of a small methylated spirit" blow damp and 
a copper bit, which is supported in a clip, the flame playing con- 
tinuously on the copper bit whilst the repair is being effected. 

Miscellaneous Hints 

One of the items most often required in the motor-house is a washer 
of a particular size and thickness, and as often as not it proves that 
what one exactly requires is not to be found in the spares box. A 
washer of a specific thickness is often wanted, for instance, to take 
up a small amount of backlash or end-pky in a shaft. In a case of 
this kind the plan may be adopted of obtaining a washer thicker than 



Touching Up a Valve ■ 

required and carefully filing down. To file a washer sounds easy, but, 
handled hi the ordinary way, is difficu lt to deal with. If one tries to 
grip it in the vice by the edge it either springs out or rocks about 
in an annoying manner, and, "in any case, it is impossible to file a 
washer thin and fiat in this manner. The operation is made easy li 
the washer is first pressed between the jaws of the vice into the surface 
of a piece of soft wood endwise of the grain. In filing, the wood and 



metal are cut away together, and if the file be used skilfully the 
washer can be removed from its bed as true and as thin as 
may be desired. For enlarging the centre hole, if necessary, as large 
a round file as can be got through should be used, and with a 
little care a hole can be made that will be as true as if drilled. For 
making very thin washers an excellent material is sheet phosphor- 
bronze, which can be obtained from l-64th inch down to the thinness 
of tissue paper. Using a pair of spring dividers, one can strike out 
any size washer in a minute or two. Very useful material to have about 



An ordinary geared hand drill clamped in. the vice can be used for touching up 
a valve or filing a taper pin when a lathe is not available. 

the motor-house is a few feet of the thin soft iron strip, from | in. to 
1J;: in. wide, which is used on the edges of packing cases. It can be 
fashioned into excellent clips by the aid of the pliers and a round metal 
bar of suitable size on which to bend it. Amongst the box of spare 
nuts and bolts there should always be a dozen or so 3-16ths (Whitworth 
thread) round-headed bolts of various lengths, with square nuts, and 
then one need never be at a loss for a clip. A usual motor-house 
operation is making a sharp bend in a copper petrol pipe ; for example, 
if a new carburetter is being fitted. The novice usually makes the 
bend all right, but stops the pipe up at the same* z time. To make 
a uniform bend requires care and experience ; for anything over 
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5-16 in. diameter the pipe would have to be temporarily filled with 
lead, and preferably bent round a tube-bending machine. _ Very fai: 
bends can be made by heating the pipe at the desired place in a Bunsen 
dame till red hot, and cooling in water, and then bending a . little at 
a time round a bar held in the viee ; The amount of constriction at 
the bend is very slight, especially after touching up with a ball- 
pened hammer. A small taper pin is often required for some part 
of the engine. One way — the " usual one — to make it is to tile it up 
from a piece of steel rod in the vice. Unless skilfully done, a lop-sided, 
ill-fitting pin is the result. A better plan is to grip the hand-drill, 
which every complete tool outfit should contain, firmly in the vice, 
fix a piece of steel rod of suitable diameter in the chuck, arraign a 
notched piece of wood under the steel rod, and file it down with the 
right hand whilst one turns the drill handle with the left. Bv this 
means as well fitting a pin can be made as if turned up on a lathe. 



Tube grip or clamp for holding tubes in the vice. 


Easing a Tight-fitting Sparking Plug 

Man}' motorists have experienced a difficulty with a tight-fitting bolt 
or screw 7 , perhaps a sparking-plug, and it is rarely that one is provided 
with suitable stocks and dies to ease the threads. By patient use of 
a “ V ” or knife-edge file worked slowly along the thread, turning the 
latter round meanwhile, it can always be eased down to a working 
fit. The right kind of file, however, must be used — a half-round file 
will spoil the thread. This method is also useful for touching up a 
burred thread, so often the result of gripping a bolt or threaded part 
in the vice without any protection over the jaws, the fine steel teeth 
of which being dead hard, will crush anything softer. Clamps over 
the vice- jaws should invariably be used when any finished work has to 
be gripped. A pair can be made in a few minutes from a piece of soft 
sheet copper, although for some work sheet lead clamps give a bettej 
grip. . A good hold of a circular bar cannot be obtained by simply 
gripping direct between the jaws, as the pressure is practically only 
along a line, and moreover it is risky with a tube, as this is likely to 
be crushed. A pair of wood grips can easily be cut from two oblong 
pieces of hard wood, two semi-circular channels being made large 
enough to grip the largest circular piece likely to be used. Smaller 
diameter work can always be lapped round with paper to make it 
fit. Handled in this way, a bar or tube need not have a scratch left 
on its surface after leaving the vice. Regarding drilling holes, an 
operation so frequently necessary, there are a few points to observe. 



How to Use the Metal Saw 
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Use of Drills 

Fluted drills are the best, as twist drills are so very liable to grip 
in the work and often break, especially in drilling through a piece 
of thin metal. A drill should be really sharp ; blunt drills cause 
extraordinary exertion for little result, whereas a sharp one requires 
only a moderate pressure to work. Brass, gun-metal, and cast-iron 
are best drilled dry and wrought iron and steel with a little thin oil 
on the drill point. Some kinds of cast-iron are exceedingly hard on 
the surface, and the drill at first will hardly make any impression. 
Making a deep centre punch mark will generally facilitate matters 
When a, large hole, say from § in. to | in. diameter, has to be made, it 
is better to drill a small hole first, really a pilot hole, to guide the 
larger drill, otherwise there is great risk of the large drill running all 
to one side of the place desired. Hard steel, of course, cannot bo 
touched with an ordinary drill; the metal must first be softened by 
leaving in the fire till just an even red heat m readhed, and then 
burying it in some sand till it cools. Re-hardening is not so easy, 
as some parts split or twist easily when plunged at a red heat into 
cold water. Caution must be used in the operation. Quenching in 
oil is safer, but the part cannot be made so hard. The metal saw. is a 
very handy tool, but the hardened steel blades are exceedingly brittle, 
and any twist or crookedness in the sawing operation causes a breakage. 


OiVlOED 

TUBULAR SCCEVE 



An emergency clamp for a broken rod or shaft, which is not required to 
transmit a driving torque. A fractured exhaust pipe can be also held 
together in this manner, sheet asbestos packing being used. 


How to Use the Metal Saw. 

The fine-toothed blades should he used for iron and steel and tho 
coarser ones for brass and soft metals. For cutting through a brass or 
steel tube use a fine-toothed blade, as the teeth rip off the coarse 
ones. Before sawing make a true circumferential line round the tube 
where the cut is desired; then, by turning the tube round a little 
between each cut, the latter will be true and square. The broken 
blades are useful at times for small repairs, as they are readily 
softened. Spiral springs are so readily obtained in a large variety now 
that it is not often one is at a loss for a particular size of spring. The 
occasion may arise, but it is worth keeping in mind that the hand drill 
fixed in the vice makes a first-rate winder for small springs, using a 
piece of round steel rod as a mandril. 


Removal of Tight or Broken Screws. 

The removal of * tight screw often presents a problem. Providing 
the slot in the screw head be intact, the extra leverage of a spanner 
applied to screwdriver may have some effect, but the difficulty arises 
when the slot in the screw head is worn or burred over and practically 
non-existent. In this case the slot must be recut, and this can be 
done by means of a very small chisel ground down to a very narrow 
cutting edge. Sometimes a screw can.be started by applying a chisel 
and giving it a smart tap to the left tangent- wise. 

As a last resource the screw or stud must be drilled out so that a 
mere shell remains, which can be removed by re-tapping the hole. 
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Miscellaneous Repairs : Halves, Tappets, &c. 

In tiie case of a broken steering tie bar or any rod or shaft 
.of circular section the ordinary splint class, of repair is necessarily, 
of a. very.' temporary, nature, ana has to be treated' very considerately 9 
or it will soon go to pieces under road vibration and driving stress, 
A very touch stronger repair can be made if a suitable length of iron, 
pipe, or, better still, steel cycle tube, the same internal diameter as 
the fractured bar, is carefully, sawn in two lengthwise and a series of 
clamps made from the strip iron aforementioned distributed along it. 
After this is screwed up tight, the piece will not be far, if any, short 
of its original strength. 

Steering knuckle pins may be lost ; in this event an ordinary bolt 
with the squared part of the shank filed off approximately cylindrical 



may be substituted. A small hole to take a split pin should be drilled 
at a suitable position to keep the bolt from jumping out of the 
knuckle. 

Temporary Yalve Repair 

It is rare nowadays to experience broken exhaust valves j it is, of 
course, advisable to carry one or two spare valves, but, at the worst, if 
the valve head remains intact, it could be fitted on a new stem. A piece 
of mild steel rod about the size of the stem required is necessary. The 
head of the valve is filed down to allow of drilling exactlv central' rather 
smaller than the stem; this latter should then have a shoulder filed 
at one end to drive very tight through valve head and project through 
a full in., so as to allow of riveting over securely. Instead of having 
to cut a slot in the stem to take the cottar in the ordinary w T ay, a 
small hole can be drilled through the stem and the end of the spring 
hooked into it. The end should be softened in a flame and bent at a 
right angle. The cutting of a slot is not an easy process, whereas the 
end of the spring may, with a little persuasion, be made to enter the 



Remedy for a Stripped Nut 
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hole, _ and it > works just as well. With a built-up valve, such as 
described, it is necessary to allow a good clearance at the tappet, 
because after a short time the head will probably draw away from the 
stem a short distance, and if the tappet be set too close the' valve will 
remain open. If the stem be screwed into the head tight and then 
riveted over, the head cannot shift ; this plan should be adopted if 
possible. 

How to Kemedy a “Stripped” Nut 

One of the most annoying experiences is to have a stripped nut 
which one cannot conveniently replace. It is usually a special size 
nut with a fine thread which goes wrong. A method that may be 
adopted is to re-line the nut uniformly -with soft solder and then 'give 
it a start on the bolt, and by working it down the thread a little at 
a time cut a new thread- inside the-; nut* . The soldering part of the 





Method of straightening a bent shaft or rod such as 
a valve stem. The vice is used as a lever. The 
supports are grooved and adjusted to suit the bend. 
A final straightening can be given by carefully ham- 
mering the rod with a copper-headed hammer on a 
steel block. A steel-headed hammer must not be 
used as it bruises the metal. 


Method of repairing a pin- 
ion wheel having a broken 
tooth. A row of steel pins 
are tightly screwed into 
position as shown, the 
shoulder being recessed to 
give support to the pins. 
The pins are trimmed up 
with a file to approximate 
to shape of a tooth. 


operation is simple enough, the nut being fastened to a piece ox iron 
wire, dipped in the killed spirits, and then held in the blow-lamp flame 
till hot enough to melt the solder. The same process reversed would 
apply equally, well to a stripped bolt and the nut used to cut a new 
thread cm it. 

Useful Mechanical Fitments 

The series of sketches shown are practically self-explanatory. An 
ordinary screw can be converted into a thumbscrew for quick detach- 
ment without using a screwdriver by driving "and soldering into the 
slot a si in of metal (steel or brass) and trimming the edge and corners 
with a file. Screws so converted are very convenient for fitting on the 
carburetter, contact maker, covers, etc. A terminal ead is shown which 
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is easily made from a piece of soft copper tube from £ in. to § in. thick. 
The stripped end of the cable is passed into the tube and . the end 
of the tube carefully spread out by hammering. A suitable-sized hole 
is drilled and slotted through to one side with a file. The corners 
are then neatly filed round, and the faces, if necessary, trimmed up 



A useful fitment for testing spark* 
mg plugs. It can be permanently 
screwed to the induction pipe, and 
the plug to be tested can be 
screwed in from below, thus en- 
abling the spark to be examined. 
It is an improvement on the usual 
plan of resting the plug on top of 
the engine. 


flat. This terminal end can be- attached and detached without removing 

the milled head of the terminal or plug. 


Aid to Easy Starting 

There are various attachments sold for the purpose, but if it is not 
desired to go 'to the expense of fitting one of these, the following plan 
can be adopted. Obtain a length of £ in. copper tube to reach from 
the dashboard to the inlet pipe close to the cylinders. A small oil cup 
with, tap is fitted at one end of the pipe, the other end entering the inlet 
pipe through a hole, which it closely fits. The cup is secured to the 
dash by a clip in a convenient position. Some petrol, or preferably 
petrol and ether mixed, is placed in the cup, and at starting the tap 
turned on, so that it will run into the inlet pipe and vaporize easily. 



Engine Overhaul 

Engine overhaul should only be undertaken by experienced hands, or 
else be carried out under the guidance of someone conversant with the 
practical part of the subject. The most important parts of engine over- 
haul are those which deal with the crankshaft and bearings. 

When the engine has been dissembled the crankshaft should be 
examined. If any rings, or ridges, can be seen, or felt, these are 
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: Adjusting Engine Bearings 

indications that' .the lubrication has failed at some time or other ; the 
crankshaft should be held in the vice between grooved wood blocks, 
and carefully emery-clothed. To do this properly, some fine- Pinery- cloth 
(No. FF) should be torn into strips about 1| m. wide, and well oiled, and 
the cranks .smoothed up, as shown in the illustration. Emery tape is 
better for the work when obtainable. If the emery cloth completely en- 
circles the shaft, and a long, steady movement be imparted to it, there 
will be. no tendency to make the latter oval. It may be found that a 
crankpin. is not only scored but, on testing with callipers, is found out of 
truth, i.e., not perfectly circular. The usual and best plan is to have the 
shaft ground true on a special grinding lathe, but this may not always 
be possible owing to lack of facilities. 

The best alternative is to, first of all, file up (with a very smooth file) 
the untrue part of the shaft to as accurate a circular shape as possible, 
testing frequently with callipers.. A lead e< lap ” is then made in clamps 
as .shown in the 'sketch. This is bored out to size, and paper or card 
packing inserted between the two halves so that the halves can be 
gradually closed down by the bolts on to the crankshaft. The lap is 
dressed with flour emery and oil and worked round the crankpin by 
aand till a good surface is obtained. 



A grinding tool or “ lap” for truing up a worn shaft when a 
proper grinding machine is not available. 


Trimming Up the Brasses 

Having satisfactorily done this, the ridges in the main bearings should 
be carefully scraped away. The scraping tools are made from worn-out 
half-round "files which are carefully ground up on a grindstone. Th en 
the crankshaft should be placed in position on the lower half of the 
crankcase and the bearings bolted in position. It will then probably 
be found that there is some slackness, and if such is the case the faces 
of the two halves of the bearings should be lightly draw-tiled until the 






Scraping tools for train g-up bearings. 


shaft is a better fit. Next the top halves and crankshaft should be 
removed and the surfaces of the bearings smeared with a thin mix turd 
of red lead and oil, Eepl&ce the crankshaft and tighten the bearings 
•down. Then give a few turns by hand. Again remove the crankshaft. 
The parts of the bearings showing bright should be carefully scraped. 
This process should be repeated until 1 ' 'the 1 - surfaces of all the bearings 
are smooth and level. Before finishing, it should be carefully noted that 
the oil channels are of sufficient depth. Scraping is not easy work, and 
requires a fair amount of skill, so it is advisable first to practise on an 
old bearing. When the main bearings are completed, the connecting- 
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rod big-end bearing should be treated in the same manner. Also the 
camshaft bearings should be scraped if they need it. When at work 
on the bearings, it should be remembered that metal once taken away 
cannot be replaced unless new parts are fitted, so extreme care should 
be taken. 

Care* must be taken not to adjust bearings too closely or seizure 
will probably result. The crankshaft should not be too stiff in its bear- 
ings that it cannot be turned round by grasping with the hand. The 
connecting rod bearings should not be tighter than will allow' the con- 
necting rod to iust swing over by its own weight. If the small end bear- 
ing of the connecting rod is worn it will be necessary to make a new 
bush and reamer it out to a true fit on the gudgeon pin. 



Re-metalling Bearings 

Many engines have what are known as " lined bearings, the working 
surface consisting of a white metal alloy which is melted on to the 
bronze shell. The chief advantage is that a bearing on this principle is 
safer than a plain phosphor-bronze bearing, insomuch that, should the 
lubrication fail by any mischance, the alloy lining will melt out by the 
heat caused by friction and thus prevent a seizure of the shaft and 
probably a smash -up. The fine polished surface is, moreover, a very 
suitable one for the shaft to work in. The operation of re-metalling 



Device or moulil 
for re-metalling a 
bearing. * 


bearings when worn is one for a well-equipped repair shop to undertake, 
as it largely necessitates skilled work at the lathe. Briefly the method 
consists in melting off the old lining from the bronze shells by means ox 
a blowpipe and then placing them truly in a “ jig ” or mould (T) which 
has a central core (M) rather smaller in diameter than the engine shaft. 
Into the annular space between the core and shell new melted metal is 
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run, the bronze shell being previously well tinned with solder and 
made hot by the blowpipe to enable the new metal to adhere properly. 
When the inetal is set the central core is taken out and the bearing is 
bored and faced to exact size in the lathe, after which it is sawn 
centrally across and adjusted into position in the usual way. 

The Yahnas and Piston Rings 

Some general information has been given on these details in a pre- 
vious chapter, but the treatment • may be summarized. The valves 
should be ground in to ensure good compression. 

If the valve surfaces are not badly jutted, a touch of flour-emery and 
oil will do the work excellently, A simple method of grinding- in is to 
use an ordinary carpenter’s brace, with, of course, the end of a screw- 
driver replacing the bit. The valve should not continuously be revolved 
in the one direction, but reversed about every half-a-dozen revolutions. 
It is a good plan to have a spring beneath the valve so that, when the 
pressure is temporarily taken off, the valve lifts and changes its seat. 
When the valves are in place the tappets should be adjusted to give 
1-64 in. clearance between the tappet and the valve stem. If there are 
any grooves or burrs on the cam surfaces caused by the constant action 
of the rollers, these should be lightly “ touched up with a file wrapped 
round with emery-cloth, or a better way is to give the cam a very light 
touch up on a fine emery wheel, taking great care not to alter the shape 
of the cam or remove any appreciable amount of metal, as this would 
reduce the lift of the valve. 



Device for centring shafts of gearbox and clutch, 


With regard to the pistons, the rings should be taken -off and 
thoroughly cleaned, and the piston ring grooves also. Any burr that 
there may be should be removed. To take off the rings, a few pieces 
of tin, or steel rules, should be slipped underneath according to the 
previous instructions. The maker’s marks should be noted, and each 
ring carefully placed back in its original groove. The removal of carbon 
deposit should be thoroughly done, the piston tops and inside of com- 
bustion chamber being well scraped. 

Information on the various processes applicable to the removal of 
carbon are given in the section dealing with engine knock. 


Testing Shaft Alignment 

To ensure freedom of running and absence of any binding or friction 
on the engine and gearbox bearings, it is very important that the 
centres of the respective shafts exactly coincide. When the engine is 

p2 
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overhauled the setting of tile crankshaft with respect to the gearbox 
shaft should be carefully tested. The simplest way to do this is to 
arrange an indicator on the gearbox shaft, as shown in the illustration. 
This consists of a stiff, straight piece of wire clipped to the shaft, raid 
it is bent at right angles in the form of a pointer. If the centres of 
the shafts exactly coincide this pointed end will clear the edge of the fly- 
wheel an equal '"amount all round. If the centres are slightly out oi 
alignment the pointer will be nearer the flywheel edge at one part of its 
circumference than at another. By having a sliding adjustment to the 
pointer a very accurate setting can he made. The gearbox can always 
be slightly packed or raised by means of very thin sheet metal, placed 
under its bearers to effect any adjustment required. 


The withdrawal of an ordinary 
non-detaehable wheel from the 
axle is best effected by a 
special tool as illustrated. 
This exerts powerful screw 
pressure against the axle and 
gives an even central puli on 
the wheel by means of the 
hinged arms which have end- 
pieces to press against the 
hub flange. 


Repairs to Steering Gear 

Backlash in the steering is a most difficult and elusive trouble to 
cure. Whilst a certain . amount of play between the steering wheel 
and the stub axles is desirable, it is the experience of almost every 
motorist that this freedom increases unduly with the age of the car 
until steering is rendered . difficult, and even dangerous. In most 
designs of steering mechanism employing the usual worm and sector, 
the lever which is carried and actuated by the sector has a ball-end 
operating between coil springs. (See diagrams in section on steering 
mechanism.) These springs provide the flexibility which is necessary 
between thte steering wheel and the front wheels. Any undue back- 
lash which may have developed in the course of time "can be traced 
to any or all of these parts of the steering gear, the worm and sector, 
the adjustment of the springs through which the steering arm is 
actuated, and the pin joints of the cross rod and stub axles. The 
two latter cases can be quite easily rectified, and with an old car it 
may often be worth > while to go to the trouble- of making leather 
coverings for the joints, which will keep mud and grit "out and 
grease hi. 

Having corrected any slackness in the external connections by 
renewing pins and bolts where necessary, if it is still found that 
there is excessive backlash in the steering, it proves that the worm and 
sector are much worn and demand attention. It will almost certainly 
be found that there is this maximum amount of play when steering 
straight, whereas there will be very much less on full lock. This 
state of affairs denotes wear of the sector rather than fhe worm, and 
m one part only, namely, that which is most constantly in 
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action. Moreover, it also suggests a remedy which lias been adopted 
bv some makers, namely, the fitting of a complete worm wheel instead 
•of a sector, so that, when one portion of it is worn it can be turned 
round to another part as yet untouched. In the case of old cars, 
however, with the more usual type of sector, it appears at first sight 
that there is no remedy available short of a. complete renewal. Much, 
however, can be done in the wav of compromise. First of all there may 



Compression plate (shaded parti of 
ai a minium screwed and riveted to 
the head of the piston to increase 
the compression in a low compres- 
sion engine. The thickness of 
plate required will depend, on the 
degree of compression desired, 
but it will rarely be necessary to 
use thicker than yths inch. Ail 
improvement on the plan is to 
lit a steel piston of the necessary 
increased length. 


be end-play in the worm, which can usually be taken up without much 
difficulty. Secondly, either the bearings which carry the Worm or those 
on which the sector works — more particularly the latter — may be slack, 
in which case re bushing will effect an improvement. If ordinary 
bushes ..for the bearings of the sector do not sufficiently reduce the 
backlash they should be turned eccentrically, and inserted so as to bring 
the sector slightly nearer to the centre line of the steering column,. This 
plan, however, should only be adopted as a last resource, and great care 
must be exercised in its execution. The worm must not be allowed to 
bottom between the teeth of the sector, arid the alteration must strike 
a compromise between that part of the sector which- is most' worn (and 
those parts which come into operation on full lock, which must not be 
too tight. 

Improving an, Under-powered Engine 

It is often required to know of some simple and inexpensive' means of 
obtaining more than the normal power from an engine. The mask 
expensive; methods have the disadvantage ■ of being i .11 the nature ; of 
experiments*. The one plan about which there can be no uncertainty, 
is that of fitting a larger cylinder and piston, and even in this case, 
to obtain a really satisfactory result a less increase than 10 millimetres" 
in, the bore is not desirable, in view of the expense incurred. If is quite 
practicable to enlarge the bore of many old cylinders as _ much as 
4 millimetres, but if one works out what the increased cubic capacity 
thereby obtained means in extra power,: taking power developed as 
being ‘directly proportional to cylinder capacity, it will be found that 
there is not much in it. Of course, one should not confuse the prac- 
ticability of “ restoring ,s the power of an old-type engine with that 
of “ increasing ’’ its norma! output. The cylinders may be a good deal 
worn and thus allow considerable explosion and compression leakage to 
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take place. Obviously, accurately reboring the cylinders and refitting 
new pistons is the correct plan to adopt to restore the power ; and the 
expense in this case is usually warranted. 

Some Suggested Methods 

The plan of adding an auxiliary exhaust port to the cylinder has 
been found to give good results in engines with limited exhaust-valve 
opening. On certain engines it has been found possible to. fit valves 
of larger diameter by boring out the existing seatings. This, in con- 
junction with a larger exhaust pipe, with acute bends eliminated, has 
given good results. Even fitting an additional exhaust valve per 
cylinder has, in certain instances, been found feasible, with some 
ingenuity displayed in devising actuating mechanism. Fitting dual 
sparking plugs, with a series connection, has become a popular experi- 
ment in attempts to increase power of the engine. There is also the 


Method of fitting an extra overhead 
exhaust valve by utilizing the valve 
port cap, to which an exhaust outlet 
must be provided. This applies only 
to old* pattern engines with inade- 
quate exhaust valve area. A new 
valve port cover may have to be 
made of sufficient depth to allow 
of the exhaust outlet connection 
being made. 



method of increasing the compression of old-type engines. It is a 
simple plan, certainly, to rivet an aluminium plate, from | in. to § in. 
thick on top of the piston, but one never knows how this will turn out 
short of a prolonged test. . It may be found that, although the car is 
much faster on the level, it will 'not take hills so well as previously, 
because, when forced on full cylinder charges, the higher compression 
causes pre-ignition and very pronounced “ knock .’ 5 The only plan to 
adopt then is gradually to reduce the thickness of the compression plate, 
in order to give the amount of compression the engine will stand on 
average work. The excessive weight of the pistons and connecting rods 
of some old-fashioned engines is not conducive to obtaining the necessary 
rate of revolutions for a large power output. A good proportion of this 
undue weight may be judiciously eliminated by drilling the pistons and 
connecting rods and the strength in no way interfered with. Manv old- 
pattern engines have been, improved without any structural alterations 
simply by fitting an efficient modern carburetter and a high-tension 
magneto in place of the coil. A magneto, by reason of the great 
accuracy of the spark timing, is an important factor in getting 
maximum power. 
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Gear-box and Crankcase Repairs 

Fractured lugs are a common sort of repair with these parts, and 
although extemporized repairs are possible in an emergency, the parts 
should be sent to an aluminium repair specialist as soon as possible, 
as < permanent and well-finished repairs can always be made with a 
minimum of delay. 

Modernising Old-type Cars 

This is a speciality now being undertaken by several concerns, and 
many a sound car of reputed make can be transformed into something 
like up-to-date design at a cost which does not warrant disposing it 
at a sacrifice. The engine and transmission, wheels and. frame, : 'can 
generally be left as they are, and improvements made by fitting a new 
radiator, bonnet, dashboard, raking the' steering,, fitting-' a magneto, etc. 

The bodywork generally calls for some special treatment, and much 
is possible in this direction. More extensive conversions can be made, 
even to the extent of lengthening the frame and putting on a new body, 
and fitting wire wheels ; but obviously the expense entailed in this work 
has to be seriously considered as to the plan being economically sound. 

Frame, Radiator and Lamp Repairs 

These can only be referred to insomuch as to say that, as a rule, 
such repairs are quite outside the scope of the mechanical amateur. 
Nowadays a number of concerns specialize in such repairs, and have 
laid down extensive plant for the work, and the results they are able 
to produce with material so badly damaged as to appear hopeless are 
surprisingly good. Chassis frames that have been bent or even frac- 
tured in collision can be straightened under the press, and acetylene- 
welded as strong as when new. 

Similarly, weak frames can be stiffened and braced up. When a 
radiator or lamp is damaged it is generally found in a rather bad 
state, but the resources of the motor sheet-metal worker are so extensive 
that, except in a very small proportion of cases, it is seldom beyond re- 
pair. The parts can be straightened out, re-spun and brazed- up, or 
soldered and finally polished and plated. New lenses, front glasses, and 
mirrors are sufficiently standardized to be fitted without difficulty, even 
to lamps of obsolete or special pattern. 

Fuel Economizers and Energizers 

To effect economies in the consumption of engine fuel various methods 
are available, chief amongst which is the mixing of a cheaper fuel with 
the petrol. Ordinary good quality paraffin one part, petrol three parts 
by volume, is one such mixture, and this can be used in most carbu- 
retters. Whether a greater proportion of paraffin can be used without 
fouling the sparking plugs and valves, and making starting difficult, 
can only be settled by trial in individual cases. A. half-and-half mixture 
of benzole and petrol is used with generally favourable results. Regard- 
ing “ energizers/’ several have been suggested, but as these "Jack 
scientific testimony to their value it is impossible to implicitly recom- 
mend them. A definite claim has been made by some car owners that 
Li small quantity of ordinary camphor dissolved in the petrol con- 
siderably improves the running, and they claim that more power with 
less throttle opening is obtainable, and the smoothness and flexibility 
of the engine are said to be markedly improved. The proportion 
found satisfactory is 1 oz. of camphor to each 5 gallons of petrol. 
The admixture of methylated ether in the proportion of 1 part to 
10 parts of petrol is also* favourably spoken of both for very easy start- 
ing and increased power. 
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List of Tool® and Spare Parts for a Car 

TOOLS* 

Complete set* of spanners adaptable to all principal nuts on the car, 
including sparking-plug3 and wheel caps. 

Reliable adjustable spanner. Small (cycle size) adjustable spanner, 
useful for tightening many of the smaller nuts. Flat and cutting pliers. 
Large gas pliers. .Round-nosed pliers. 

One large and one small screwdriver. 

One large and one small hammer. 

One flat file. One half-round file. One platinum contact file. 

One knife-edge file. One each small square and round files. 

Small portable vice to clamp on to step of car. 

One wheel drawer, for removing non-detachable wheels from axle. 

One pin driver. Cold chisel. 

Metal saw in frame. Valve spring remover. 

Small soldering outfit complete, with spirit lamp. 

SPARE PARTS. 

Complete set of engine valves, springs, and cottars. 

Complete set of piston rings, bpring for clutch. 

One leather or asbestos cover to re-face clutch (unless the clutch is 
metal-to-metal). 

Set of sparking-plugs and washers. 

Complete set of washers for joints on engine. 

Magneto parts, such as platinum-tipped screw, carbon brushes, and 
springs. (Complete sets of these are sold in a case). 

A spare armature is advisable when the car is taken abroad, unless 
the makers have an agency convenient. 

USEFUL SUNDRIES. 

Several yards of soft copper wire, Nos. 12, 16 and 20 gauge. 

Asbestos sheeting X-16th thick. 

Fibre sheeting l-32nd thick. Asbestos string. 

Finest flour-emery and crocus powder for grinding-in valves. 

Piece of <s FF ” emery-cloth. 

Length of magneto cable. 

Length of adhesive insulating tape. 

Supply of calcium carbide in air-tiglit case for acetylene generator, or 
Spare bulbs (if electric light). 

Spare dynamo belt. 

Lubricating oil in can with long spout. 

Paraffin oil and injector. Cleaning cloths (not waste). 

Grease gun. 

Gearbox lubricant. Stauffer grease. 

Graphite lubricant for valve stems and screw threads. 

Clutch lubricant (for metal clutches). Collan oil for clutch leather. 

If oil lamps are fitted, spare wicks. Safety matches. 

Petrol strainer and funnel. 

Set of clips for water circulation joints. 

Spare fan belt and fasteners. 

Spare piece of rubber tube for water circulation connection. 
Compression gauge. 

Set of decarbonizing tools. 

TYRE DETAILS. 

Small vulcanizer. One inflate, preferably double-acting type. 

Two spare tubes, with valves. Complete repair outfit. 

Preparation for filling up cuts in outer cover. 

On© tyre pressure gauge. One “ gaiter/* 

Set of levers, including fork lever for replacing valve. 

One lifting jack. Spare cover (advisable to have when on tour). 



CHAPTER XV 

Formulae, Tables, Explanations of Technical Terms 

Properties of Material, etc. 

Morse- power. -—-This nowadays lias no relation whatever to the 
power developed bv a horse — but is an unscientific way of defining 
power. In the days of Watt and other early engineers (of the 18th 
century) the work in ft. lbs. capable of being done by an average 
draught horse was taken as the unit of work. A motor rated at 1 horse- 
power is capable of doing! mechanical unit of .work', which is equal 
to the power expended in lifting a weight of 35,000 lb. through a height 
of 1. foot in 1 minute of time. The French horse-power equals 32,549 
foot pounds, and is thus less than the English standard. 

“Brahe” horse- poioer (ab&rev. B.H.P.) is the power available at the 
driving shaft of the motor, such as could be determined by making a- 
power absorption test by means of a brake type of dynamometer. 

“ Actual 55 horse-power is the amount of power that would be avail- 
able if there were none absorbed by friction within the motor itself, 
and the total energy of the explosion was transmitted without friction 
or other losses to the motor shaft. 

“ Indicated horse-power (abbrev. I.H.P.) is measured by taking an 
indicator diagram which shows the pressure of the explosion in pounds 
per square inch. For high-speed motors an optical device is. used which 
plots out the pressure line on a photographic plate. From, this the 
mean effective pressure during the stroke can be calculated. 

Knowing the factors — Length of piston stroke in feet = S ; diameter 
of cylinder (inches) — D ; number of revolutions per minute .== N; and 
mean explosion pressure per square inch on the piston = P — it is 
possible to calculate the : — I.H.P. ~ .0000119 P*PNS. 

Mechanical efficiency is the ratio between the indicated h.p. and the 
h.p. available for useful work at the engine shaft, or if it refers to a 
machine or transmission system it is the output expressed in terms of 
the input of power. 

Thermal efficiency of an engine equals the heat in British thermal 
units converted into -work divided by the heat available X 100. ~ 

The lore and stroke of a motor (i.e. } the cylinders) are, usually, ex- 
pressed in millimetres, a more scientific unit of measurement than frac- 
tions of an inch — 1 millimetre may be taken as equivalent to l-25th part 
of an inch when moderate accuracy is required. The bore of a cylinder 
is the measurement across the circular space in which the piston moves. 
It is another way of expressing the internal diameter of the cylinder. 
The stroke is the length of the path through which the piston moves 
in the cylinder, and Is equal to the diameter of the circle made by 
the erankpin centre. 

Compression . — This usually refers to the compression of the explosive 
mixture drawn into the cylinder on the inlet stroke, which is sub- 
jected to a compression effect on the following .stroke. The charge is 
forced into a space about one -fifth the volume or space of that occupied 
by it on the inlet stroke, and which gives 80 lb. to 90 lb. compression 
per square inch. 
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Otto “ cycle ” or four-strolc “ cycle ” is an expression used in eon 
nection with petrol, gas, or s oil motors. The power is developed during 
a, complete cycle of four strokes. 

Internal-combustion engine, — Any type of engine in which tne energy 
is developed directly from the fuel within the forking cylinder. In a 
steam engine the energy is developed in the boiler separate from The 
engine in a less direct manner. All gas, oil, and petrol engines are in- 
ternal-combustion. 

Gear ratio.— -The number of revolutions of the engine made for one 
revolution of the road wheels — this depending on which “speed*' or 
gear is in use. Thus a top speed gear ratio may be 4 to 1, i.e., four 
revolutions of the engine to one of the road wheels. 

British thermal unit, or B.T.U.— The amount of heat required to. 
raise the temperature of 1 lb. of water 1 degree ^ Fahr. (at its 
maximum density, which is at 39.1 degrees Fahr.).- This expression is 
much referred to in the study of the value of various fuels for engines. 
It is often stated that a given fuel has a value of so many British 
thermal units; thus petrol ranges about 20.000 B.TJJ. per lb. 

Mechanical equivalent of heat.— This is represented by the number 
778, which is the number of foot-pounds of work mechanically equiva- 
lent to one British thermal unit. 

Specific gravity. — The ratio of the weight of any given liquid to the 
weight of an equal volume of distilled water at 60 degrees Fahr. Water 
is represented by 1, or unity. Petrol, bulk for bulk, is considerably 
lighter than water. 

Flash point. — The temperature at which any oil or spirit heated in 
an open vessel begins to. give off enough inflammable vapour to. flash 
momentarily when a flame is brought into contact with it. 

Calorific value. — This term is used with reference to various fuels, 
such as petrol, benzol, paraffin, etc., and represents the effective heating 
powei per lb. in terms of British thermal units. 

Notes on Constructive Materials used in Motorcars 

Steel — Special varieties are used throughout the chassis. Very little 
of the ordinary “mild” steel finds employment. The special steels 
used, often termed alloy-steels, contain a certain proportion of other 
metals or elements, such as chromium, nickel, vanadium, manganese, or 
silicon. These alloy-steels are far superior in strength to the commer- 
cial “ mild ” and low carbon steels, so that a very considerable reduc- 
tion in weight is possible without lessening the strength and. durability 
of the parts made from them, such as gear wheels, crankshafts, axles, 
frames, etc. Pistons of pressed steel are now much used. Magnet steel 
contains tungsten and other elements in small proportions. ~ Dynamo 
magnets are now made of very soft steel castings instead of iron. 1 
■ /row.-— Chiefly used for engine cylinders and pistons in the form of 
fine-grained cast-iron. In a few instances certain small parts, such as 
brackets, may be made of malleable or annealed iron casting : the 
annealing process eliminates the brittleness of the metal. 

Phosphor-bronze. — Largely used for engine bearings. An alloy 
mainly consisting of copper and small proportions of tin, lead and 
phosphorus, the proportion of the latter being very small. It is a very 
tough' hard-wearing alloy. 

White imtal vr (mti~ friction m,etal.—An easily fusible alloy of lead, 
antimony, and tin; used for “ lining ” or re-metalling bearings. 

Aluminimi .— This metal, The chief characteristic of which Is its light- 
ness, is not generally used in its pure state, but is allowed with a small 
proportion of zinc ; sometimes, for special requirements/ a small quantity 
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of copper and manganese at© added. It is used for gearboxes, crank- 
cases, axle casings, etc. For dashboards, body panels, and similar parts 
ordinary commercial aluminium is often employed. 

Manganese 6 ro?iac.— -Composed of copper, zinc and manganese. It 
makes very strong and tough castings. Forged front axles of this alloy 
are used on some American cars, ; 

P/a tin u m . — This very expensive nietal (price ranging from £7 to £8 
per 02 ., according to the market) is exclusively used for the contacts 
of the magneto. It' is practically infusible (it has a very high melting 
point) and non-corrodible, and thus effectively resists the burning and 
oxidizing action of the electric spark. It is also used for the “ leading 
iu” wires of the electric bulbs used for car lighting, as it is the only 
metal that can be perfectly sealed into glass. Sparking-plug electrodes 
are, in a few instances, also made of it. 

Nickel . — Used in the form of an .alloy with steel, viz., nicked -steel. 

For exhaust valves a. high percentage (20 to 25) nickel-steel is the most 
suitable material, as it effectively resists; the intense heat and oxidizing 
action of the exhaust gases. ■ Nickel; : .|s.'. nbw' .the' .standard material for 
sparking-plug electrodes for the same reason. 

Rubber .— For tyre construction rubber supplies come from various 
parts of the world. Amongst the finest grades is the well-known 
“Para” or Brazil rubber. South American rubber, generally, is con- 
sidered very good, but excellent supplies now come from Borneo, India, 

Ceylon, Federated Malay States, and, in fact, many other tropical 
lands. Pure rubber lacks certain important physical characteristics in- 
dispensable for tyres, such as stability under change of temperature. 

Pure rubber becomes soft under the influence of heat, and hard and 
brittle when subjected to cold. The process of vulcanization renders 
the rubber proof against heat and cold, and ako renders it tough and 
resilient, eo as to possess “life ” and vibration-absorbing properties. 

Timber . — A. considerable variety of timber enters into motorcar 
construction. Artillery wood wheels are usually built up of ash felloes, 
and oak spokes and hub. For body construction, the woods mainly 
employed are ash, birch and mahogany. 

Carbon . — One of tire well-known non-metallie elements. As it is an 
excellent conductor of electricity, and works well as a contact medium 
in conjunction with copper or brass, it is, therefore, largely used for 
the brushes of the magneto, and also for the brashes of car-lighting 
dynamos. Carbon in its natural form of graphite m used as a lubricant 
for gearing. It is generally mixed with grease, and is supplied ready 
prepared by lubricant manufacturers. 

Celluloid . — This is a chemically-manufactured ' product, made from 
a basis of cotton or similar organic material, and used for a large num- 
ber of auxiliary purposes, such as hood panels, windscreens, covering of 
steering wheels, accumulator boxes, etc. Its transparency and flexi- 
bility are its chief characteristics. Non-inflammable celluloid is now 
made for windscreens. 

Asbestos . — The material is of mineral origin (large quantities come 
from Canada). In its natural state it is fibrous and somewhat brittle. 

As it resists great heat, it finds considerable application in motor work 
for engine jointing in the form m packing washers {of copper sheet and , 

asbestos). Asbestos cord is used for covering exhaust pipes where these . i 

pass through woodwork, etc. Worked up into a fabric with brass wire, 
it is largely used for brake-block linings and clutch covering, as it 
cannot be burnt out by excessive friction. 

Vulcanite (or ebonite ). — A composition of rubber and sulphur. It is ; 

an excellent electrical insulating material, although not capable of 
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withstanding heat. Switches, insulators and similar fitments are made 
from it, also accumulator cases. 

Vulcanized fibre . — This is a tough, durable, manufactured material, 
used for many auxiliary purposes. It has high electrical insulating 
properties, although one of its drawbacks is that it absorbs moisture 
to some extent. As it resists heat much better than vulcanite, it Is 
often used in the form of tubing to carry and protect the wires from 
the magneto to the plugs. Another use for this material is in the con* 
ruction of timing gearwheels, in which, it is built up with bronze, 
to give it mechanical support. The interior part of the teeth being of 
fibre, gives quieter running than solid met ai pinions. It was formerly 
much used for clutch surfaces where the clutch could be run in oil. It 
ia still used for the automatic clutch on some types of car-lighting 
dynamos. 


The Gradometer is a com- 
pact instrument which is 
at tached to the dashboard 
a n d a u t o m a t i c a 1 1 y 
indicates a falling or rising 
gradient. 



A grade of 1 in 5 equals 20 per cent., or angle of 11 Q 19' 


Tyre Sizes: 
26 inches : 


1 in 6 


17 

99 

99 

99 

9° 26' 

1 in 7 


14 

1 9 

8° 09' 

1 in S 


m 

1> 

59 

7° 08 J 

1 in 9 


li 

,, 

9 9 

<3° 17' 

1 in 10 


10 

59 

5* 

6? 43' 

1 in 11 


9 

99 

9 9 

5 U 11' 

1 in 12 

n 

8 



4^ 46' 

1 in 13 

’l 

% 

11 


4° 24' 

1 in 14 

95 

7 

51 

9 3 

4° 05' 

1 in 15 


6 b 

3 > - 

99 

3° 49' 

1 in 16 

95 

61 

99 

9 9 

3° 85' 

1 in 17 

51 

6 

11 


a* 5 22 ' 

1 in 18 

M 

5* 



11' 

1 in 19 

9> 

5~ 


19 

3° 00' 

1 in 20 


■5 • 

,, 

19 

2° 52' 


Equivalent in Millimetres and Inches 
: 650 millimetres j 2| inches = 60 millimetres 


2S 

99 

r: 

700 


2-1 


— 6*5 

,, 

30 

32 

99 

99 


750 

800 

»»■ 

v» 

3 

31 

31 

99 

99 

99 

= 80 
= 85 
= 00 

” 

33 

59 

= 

S40 

it 

4 

99 

™ 100 


34 

99 

S3 

870 

it 

if 

4.1 

>> 

= 105 

» 

35 

5 9 

S3 

880 

5 

51 

99 

- 120 
= 135 

» 

36 

99 

= 

910 

it 

6“ 

9 9 

= 150 


40 

99 


1010 


7 

91 

= 175 



{Nominal sizes for comparison onlij % )—St:e makers’ Usfa 



Conversion Tables, etc. 


Conversion of Metric into English Measure 
1 millimetre is exactly .03937 of an inch. 

1 millimetre is approximately l-25th of an inch (25 mm. = .9843 in.)* 
1 centimetre is exactly .3937 of an inch. 

1 centimetre is approximately 13-32nds of an inch. 

1 metre is exactly 1.0936 yards, approximately 39£ inches. 

1 kilometre is 1,000 metres and equals .6213*mile. 

1 kilogramme (1,000 grams) is equal to 2.21 lbs. 

1 litre is equal to 1.76 pints. 

1 U.S.A. gallon is equal to .832 Imperial gallon. 

To convert metres to yards multiply by 70 and divide by 64. 

To convert kilometres to miles (approximately) multiply by 5 and 
divide by 8 ; or see conversion chart. (Page 246). 

To convert litres to pints, multiply by 88 and divide by 50. 

To convert grams to ounces multiply" by 20 and divide by 667. 

To find the cubic contents of a motor cylinder, square the'hore (dia.J, 
multiply by .7854, and multiply result by the stroke. 

To convert inches to centimetres multiply by 2.54. 

To convert cubic inches to cubic centimetres multiply by 16.39. 

To convert cubic metres to cubic feet multiply by 35.38. 

To convert sq. centimetres to sq. inches multiply bv .155, 

To convert gallons of water to lbs. multiply by 10. ' 

Temperature conversion formula : — 

Centigrade to Fahrenheit °F = f C° -j- 32 

Fahrenheit to Centigrade °C = | (F° — 32) * 

Atmospheric pressure equals 14.7 lbs. per square inch. 

A halfpenny is equal to 1 inch diameter or 25 millimetres. 

1 cubic ft. of air at 62°.F. = 1.217 ozs. 

1 lb. of air at 62°F. = 13.141 cubic ft. 

1 volume of petrol* yields (by calculation) 276 volumes of petrol vapour. 


Table of Cylinder Bores and Strokes in Millimetres and 

Inches 

The following figures are approximate, and intended only, as a rough 
guide for comparison. For accurate measurements a sliding calliper 
with inches and metric scales should be used. A scale for direct com- 
parison is given further on in this chapter. 



A Cylinder 


Equals 
in Inches 

2 by 100 millimetres 


2xb 

t>y 3ft 

5 

,, 120 



aft 

,, At 

60 

„ 70 

Vi 


2ft 

m m 

67 

„ 70 



2f 

„ n 

67 

„ 73 

. 


23 

„ 25- 

67 

„ 77 



2s 

„ 3 

70 

„ 70 



2| 

„ 21 

70 

„ 73 

,, 


n 

» 25 

70 

„ 77 

,, 


n 

„ 3 

72 

„ 77 



2H 

» 3 

73 

„ 73 



■2| 

„ 25 

73 

„ 80 



25 

,t 35 

77 

„ 77 



3 

„ 3 

77 

„ 80 

. • 


8 

t» 3J 

77 

„ 83 



a 

„ 31 

78 

„ 78 



3ft 

3ft 

80 

„ 80 



35 

»» 3« 

80 

„ 86 

»» 


85 

■ « 3*4 

83 

„ 83 

tt 


3J 

„ H 

88 

„ 86 

u 


31 

„ 3g 


A Cylinder 


Equals 
in Inches 

86 by 86 millimetres 

... 

m 

by 3g 

84 ,‘, 90 


34, 

” 

90 „ 90 


3/1, 


90 ,,110 „ 


8ft 

r> 4ft; 

95 „ 115 

... 

3f 

.» 4ft 

100 ,,115 

... 

31S 

„ 4ft 

105 ,,318 


45 

„ 45 

108 ,,120 


4* 

„ 4f 

110 ,,1*25 



»« 

112 „ 128 


4ft 

r> 5ft 

114 „ 130 

116 ,, 134 


Ah 

4 is 

r.i. 

V5 

it 5ft 

118 „ 138 


42 

»t 5 ft 

120 ,,140 


43 

»> 

122 ,, 143 „ 


4i5 

„ 53 

124 ,, 146 


45 


126 „ 148 


4fl 

», 5 irt 

128 ,,150 


5ft 

»» 

130 „ 152 „ 

: ... 

53s 

„ G 

140 „ 160 „ 


5$ 
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Power, Momentum and Energy 
The power unit used in motor work is a standard rate of doing 
mechanical work, equal to 33,000 lb. mass (or weight) raised through 
a height of 1 foot in 1 minute; or if we move 16,600 lb, through 
2 feet or any proportionate ratio which, multiplied together equals 
23,000 in the same time it is also equal to working at the rate of 
1 horse-power. This means that, theoretically, if the speed of a 
motorcar engine could always be kept constant, and thus be giving 
uniform power, this power could be utilised to move any load up any 
gradient by taking a proportionately longer time to clo it, providing 
that the car had a perfect all-speed gear. This principle is, as far as 
possible, realised by the change-speed gear of a car which gives a range 
of three or four speeds. Wind resistance increases in proportion to the 
“ square ” of the speed : thus at 20 miles per hour it is four times what 
it is at 10 miles, and at 30 miles per hour nine times, and so on. 



A given amount of power can be developed in cylinders of eitliex 
large or small diameter. Thus there is the example of the gas engine. 
I?o "obtain, for example, 10 h.p. from this type of engine a very large 
cylinder and low speed of revolutions would be employed with a 
maximum speed of perhaps 250 revolutions per minute,,' A modern 
10 h.p. car engine on the other hand lias four very small cylinders, 
but a high speed of revolutions, say, 1500 to 2000 'per minute. The 
individual power impulses are very" much weaker than those of the 
large slow speed engine, and consequently its parts can be made so 
much lighter and smaller, as the shocks and stresses that have to be 
sustained are proportionately much less. 
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Electrical 1 est of Engines 

The measurement of the brake horse-power (B.II.P.) of motors may 
be made by a simple “ brake ” test, as follows:— A rope is passed once 
bound the flywheel of the motor, , and one end secured to a spring 
balance which is hooked to a support just above the flywheel. To 
. < ?y K ' T en « °* _^ le r °P e is attached a scale pan, ’into which 
weights can he placed. ^ Knowing the flywheel diameter, and the 
speed, and the weight that can be put into the scale pan, which is 
pultivg against the direction of rotation, the horse-power can be 
calculated. Arranged as a, formula it works out thus : — 


Brake horse-power 


fW, — W g ) x Y X N x D 

33,000 


W 2 is the reading on the spring balance, and this is subtracted from 
the weights Wi, hanging on the end of. the rope. N is the number of 
revolutions of the pulley per minute, and 0 diameter of flywheel (plus 
thickness of rope) in feet. The speed is measured by an ordinary speed 
counter and stop-watch. The rope should be held on the flywheel by 
guide pieces, and the interior of the flywheel cooled by water. 


Test Bench Arrangements 

The method of testing h.p. by the brake apparatus is one consider- 
ably used in the motor test workshop. In practised hands the test 
can be made rapidly, and for ordinary practical purposes it has an 
ample degree of accuracy, such as for determining whether a range of 
engines of the same type reach a specified standard of power. In the 
workshop arrangement the rope brake* is not often used, except where 
a test has to be improvised. Unless it be carefully handled there is 
some risk of accident from the weights being flung -from the wheel. 
It is, therefore, usual to provide in place of the ropes a couple of brake 
blocks cut to the correct curvature of the flywheel or pulley. An arm 
is attached to one of the blocks which are loosely connected together 
by bolts, so that the brake can be adjusted to tlW flywheel, the bolts 
then being screwed up to just bring the blocks into contact. On the 
end of the arm the weights are placed, allowance being made for the 
length, of the arm in the calculation. 


Electrical Test 

There is an electrical method adopted by some makers as being more 
accurate than the brake test. The method is as follows: — The engine 
is belted or (preferably) coupled direct to a dynamo machine. Con- 
nected up with the dynamo are two specially accurate electrical 
measuring instruments, one a voltmeter and the other an amperemeter. 
The current which the dynamo produces when driven is used up by 
either a group of glow lamps or a set of wire or liquid resistances. 
The amount of work the dynamo will do, such as lighting lamps, 
etc., depends on the power put into it from the petrol motor. 
It is easy to convert electrical power units into mechanical units. 
Thus : Amperes x volts = watts, and there are 746 watts to a. horse- 
power, so that by simply taking the readings of the voltmeter and 
ammeter the amount of power the dynamo is giving out is at once cal- 
culated. The dynamo, of course, does not transform the whole of the 
power put into it into electricity but it may transform somewhere 
about 90 per cent, of it. Certain nvwhanical and electrical losses occur 
in the dynamo, but these are calculated beforehand. Hence, know- 
ing exactly how much of the power put into the dynamo is lost or 
wasted, and the maximum amount given out, the two sums added 



ILLUSTRATING THE SIMPLEST ELECTRICAL METHOD OP 
MEASURING BRAKE HORSE POWER. 


The engine is directly coupled to a continuous current dynamo, the 
current generated at maximum speed being absorbed by a bank of 
lamps or other adjustable form of resistance. The “watts ” generated 
are calculated from the ammeter and voltmeter readings. Allowance 
is made in the calculation for the fixed losses of power in the dynamo, 
th* over-all efficiency of which is determined beforehand. More 
complicated modifications of the method ave sometimes used. 
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Horsepower Formulae 

together will give the power actually produced by the motor. A very 
convenient form of dynamometer consists of a fan with two adjustable 
blades, ^ which can be set to certain- positions on graduated amis. 
At a given speed the fan absorbs a definite amount of brake horse- 
power. The fan is coupled direct to the shaft of motor to be 'tested; 
Power testing apparatus is now used to a considerable extent/ by means 
of which the power available at the road wheels of a car under running 
conditions may be measured. The dynamometer acts upon large drums, 
ujjon which the driving wheels of the car are mounted. The mechanical 
efficiency of various systems of transmission can also be accurately 
determined by this means. 


Horse-power Formulae 

The following give reasonably accurate results:— (I) Cylinder capacity in 
litres x maximum revolutions per minute x .0064 — brake-hoi'se-power, 
or (2) Bore in inches squared x stroke x number of cylinders x revolu- 
tions per minute. 


Another is : — 

(Bore -p Stroke in millimetres) 2 


6,500 


12,000 

X number of cylinders = horse-power 


I.A.E. h.p. formula : — 

(Boro + Stroke) in mm. x (Bore — -29.97) x number of cylinders. 


1433. 


Power Required to Propel a Car on Ibevel Roads 

F x W x D 

This is determined by the formula — 33 ~O 0 O~ r | r '“ 

F = Tractive force in pounds per ton (may be taken as 50 lb. per ton). 
W = Total weight propelled in tons. 

D = Distance travelled in feet. 

T as Time in minutes. 


Power Required to Propel a Car up a Hill 
D 

Formula : — W 

H 

33,000 T 

D ssr Total distance travelled in feet. 

H = Distance travelled in feet for a vertical rise of one foot. 
W = Total weight propelled. 

T « Time in minutes. 


Rating Formula of the Society of Motor Manufacturers 
and Traders 


B.H.P. = 0. I97d (d — 1) (R + 2) N 
=* d (d— 1) (R + 2) N 
5 . 

d = Diameter of cylinder in inches. 

Stroke. 

R = Ratio of bore to stroke = 

Bore 

N = Number of cylinders. Tt 
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M.M.f. Hating" for Accumulators 

Ampere Hours = Actual capacity at constant discharge. Approxi- 
mate capacity at intermittent discharge. 

It is important to keep, in mind the fact that the capacity a cell shows 
at intermittent discharge is always much higher than the capacity at 
constant discharge., and the lower the discharge rate the higher* the 
capacity tends to become, but it cannot be more than 80 per cent, or 
so of the net ampere-hours put into the ceil in charging. 

B.H.P. Tests by Accelerometer 

This instrument is now much used for making road tests of cars and 
determining the- hill-climbing capabilities and acceleration on the various 
gears. By using this instrument in conjunction with an accurate 
speedometer the B.H.P. developed by a car at a given speed can be 
determined. The formula used is : — 

Speed in m.p.h. X R X weight of car in tons. 

r> TT Ti 0 


B — resistance to motion in lbs. per ton. This factor can be read off 
on the accelerometer. 



Air or fan "brake dynamometer 
with speedometer used for ol> 
tabling approximate readings 
of h.p, developed. 


Mechanical Efficiency of Gearing 

The two systems of final drive now employed, i.e., bevel gear and 
worm gear, show a mechanical efficiency of well over 90 per cent, 
Ihe highest figures recorded are 97 per cent., the gears being tested 
when new and under the most favourable conditions.' In the course of 
normal usage this high efficiency would fall off to some extent, 
although with a well-designed worm gear the amount is less than with 
a bevel, but 90 per cent, efficiency should be maintained for a top 
gear drive. Ihe overall efficiency on the usual three lower gears is 
lower than the top gear, /as there are unavoidable losses due to the 
intermediate pinion friction. 

It is difficult to give any standard figures for these, as owing to 
Hie wide range of gearbox design the losses would be smaller in some 
cases than others. 
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Rating Formula (Royal Automobile Club) 

Bore (squared) x number of cylinders. 

2.5 

■Result equals power at engine flywheel. For power at road wheels 
divide by 5 (cylinder dimensions in inches). If taken in millimetres, 
divide by 1613 instead of 2.5, for power at flywheel. 

As this formula does not take the stroke or rate of revolutions into 
calculation, it should not be regarded as a B.H.P. formula but simply 
as a ready means of comparison between engines of given bores anil 
number of cylinders. A uniform piston speed of 1000 ft. per minute 
and a mean effective explosion pressure of 67.2 lb. per so. in. are taken 
in the R.A.C. formula. 


Hill-climbing Formulae 

The Royal Automobile. Club system of handicapping cars of various 
powers and weights in hill-climbing competitions so that all shall have 
an equal chance of winning is based on the principle of determining 
the mechanical efficiency relative to the horse-power determined from 

the h.p. rating -51 ~ The speed of a car on a hill depends on five 

o 

factors : — 

(a) Difference in height between starting and finishing point through 
which the car is raised; this is independent of length of hill. 

(b) Rolling resistance which has to be overcome; this depends on 
length of hill, and not on height. 

(c) Air resistance opposing car. 

(d) Power available at road wheels. 

(e) Running weight of car. 

These factors, for purposes of calculation, may be expressed thus 
h — Height in feet. 
w = Weight in pounds* 
t .as Time in minutes. 

L s= Length of course in feet. 

P =* Air pressure per square foot in pounds. 
a ss Area in square feet. 

V = Speed in miles per hour, 
r ss Factor for rolling resistance. 

The horse-power necessary to overcome factors (c), (b), and (c) have 
now to be determined thus: — 

L 


(a) H.P. = , 


h x w 


(h) H.P. = 


X r 


(c) H.P. 


L x Pa 


33,000 x t 33,000 x t 33,000 x t 

Factor {d) is taken as 66 per cent., which is a minimum efficiency for 
the transmission; factor (r) is taken as 40 lb. per ton, a very low 
allowance for an average road surface; factor (F) air resistance is 
.0017V*, where V is miles per hour. 

Having found the horse-power used in formulae (a), (6), and (c), these 
added together give the total power used, so. that a ratio is obtained 
v 1)5 N 

between the calculated B.H.P. ^ : >and the power converted into 

useful work in propelling the car up the hill. In an actual example 
it was found that the power used to overcome {a) was 24.68, {h) 5 . 32 , 

D-’ n 

and (c) 2.63, total 32.63 h.p. The power of epgine obtained from — j — 
was 47.5, therefore the ratio is 32.63 to 47.5, giving an efficiency of 
68.7 per cent. 


r2 
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Speed in Miles per Hour Table . -245 

T° Convert Kilometre-Seconds into Miles per Hour 


A Kilometre in 

| Miles per hour. ; 

| A Kilometre in 

Miles per 

\... sir, 

16 

139,73 

1 - MIN, SEC. . 

0 55 

40.65 

. .18 

324,26 

0 

5G 

39.93 

20 

111,83 

0 

57 

39.23 

21 

106,50 

0 

53 

88.55 


101,66 

0 

59 

37. S3 


97.24 

1 

0 

37.26 

24 

93,19 

1 

1 

36.65 

25 

89,54 

1 

2 

36.06 

26 

86,02 

1 

3 

35.49 

27 

82,83 

1 

4 

34.93- 

28 

78,88 

1 1 5 

34.40 

80 

74,53 

. - A; X 

6 

83.88 

31 

72.13 

■ 1 

7 

33.87 

32 

69.87 

1 

8 . 

82,88 

33 

67,76 

1 

9 

82.41 

34 

65,76 

1 

30 

31.94 

35 

63,88 

1 

11 

31.49 

86 

02.11 

1 

12 

81.05 

37 

60,43 

1 

13 

30.68 

88 

58,85 

1 

14 

80.21 

80 

57.33 

1 

15 

29.81 

40 

55,90 

1 

16 

29.42 

41 

54,53 

. : l 

17 

29.03 

42 

53,24 

i 

18 

28.66 

1 / .43' ' 

52,00 

i 

19 

28.30 

44 

50,82 

i 

20 

27.95 • 

45 

49,69 

i 

21 

27,60 

46 

48.61 

i 

22 

! 27,26 

47 

47.57 

i 

23 

! 26.94 

48 

46.53 

i 

24 

26.62 

49 1 

45.63 

i 

25 . .. 

26.30 

50 | 

! 44.72 

l 

26 

26.00 

51 

43.84 

l 

27 

25.70 

52 

43.00 

i 

28 

25,41 

53 

42.19 

i 

29 

25.12 

54 

41-40 

l 

80 

24.84 


Speed in Miles per Hour 
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Miles to Kilometres Conversion Chart 
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Kilometres 


This chart provides a quick method of finding with sufficient accuracy for practical 
purposes the relation between miles and kilometres from 0 to 100 miles and 0 to 160 
kilometres. As an example: if it is desired to find the equivalent distance of 60 
miles in kilometres, take the horizontal line opposite 60 to the point where the 
diagonal line crosses it, which is just in advance of a vertical line, reading 95 
kilometres; the difference may be estimated at 1 kilometre or a little over. This 
would give just over 96 kilometres. By exact calculation, 60 miles is equal to 
96*558 kilometres* 






CHAPTER XVI 
Touring 

Through the medium of the motorcar, touring on the Continent is 
brought readily within the reach of those who, a few years ago, would 
have regarded a Continental trip of the rail-cum-coach order as a 
tremendous undertaking. The credit of this is largely due to the 
Koyal Automobile Club as the pioneer of the facilities* for taking a 
car into Continental countries and to the other associations — the 
Automobile Association and the Motor Union — that have followed up 
the good work. The effect has been phenomenal, for France, in 
particular, is a most popular touring ground with British motorists, 
the R.A.C. alone having issued some thousands of sets of French 
triptyque papers during the few years that the touring department 
has "been able to provide this ideal method of complying with the 
requirements of the French Customs. The great straight roads of 
France, free as they are, for the most part, from the narrow “ bottle 
necks ” and dangerous curves, the forks where the less important road 
is frequently wider than the through main roads and the other puzzles 
characteristic of the roads in this country, have always appealed to 
the motorist who does not care to merely dawdle on the way, although 
ho who loves wiiid'kig roads, and the more picturesque country gener* 
ally to be found associated therewith, can find all that he wishes in 
the lesser-known areas. 

Motoring Organizations and Foreign Touring 

As it will doubtless be interesting to readers to know how easily 
one. can, nowadays, take a car into France and to comply with the 
regulations, the following details have been obtained from the touring 
departments of the organizations making a speciality of this work. 
Touring advantages are open not only to members of the R.A.C. , 
but to associate members and members of the associated clubs. The 
procedure is for a member to call upon or write to the touring depart- 
ment and ask for assistance in arranging a tour in France, for instance. 

He receives three forms, on one of which he is asked to give 
such particulars of himself and his car as will be required by the 
French authorities for the issue of his licence and his permis de circu- 
lation. By thus anticipating every requirement of the authorities, 
every possible chance of delay in the examination and issue of the 
documents is prevented. Another form is for such particulars of the 
car as are required by the Customs, and attached to it is a schedule 
giving the Customs duties for each country and the basis upon which 
they tire calculated. The third form gives the particulars of the rail 
and boat service on the route selected, with the fares for passengers 
and the charges for the car, and attached is an order to be filled up 
with particulars of the tickets required and information that will be 
required by the steamship officials. The tickets and Customs papers 
are issuv.’ 'at once by the Club, on receipt of the fares, car rate, and 
Customs vllposit, and all that the tourists have then to do is to drive 

*m 
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to the port of departure and hand the car over to the steamship 
officials. 

At the port of landing, the Club’s agent meets the boat and, 
with all the particulars already in his hands, he will have arranged 
for the examining official to-be present. The ear will be inspected, 
which means that, a superficial look over the car is given, with 
a view to ascertaining that it is safe to travel on the roads. A 
car with abnormal speed capabilities and . with hopelessly defective 
brakes would probably, be disqualified. The examination of the driver 
consists of a drive of about ten minutes’ duration— quite sufficient to 
show that one is not cotaiiy ignorant of the control of the car. 

The Most Convenient Routes to the Continent 

These are (1) via Folkestone and Boulogne, a boat crossing each way 
each morning and afternoon and taking cars; (2) via Southampton and 
Havre, _ a boat crossing each way each night; and (3) via Newhaven 
and _ Dieppe. The last-named route is gradually improving in the 
details of its arrangements. The Folkestone route is the most popular 
because the South-Eastern and Chatham Railway have, from the first, 
instituted admirable arrangements for dealing with the cars expedi- 
tiously and carefully, each car being handled on a tray during shipment. 

Customs Duties and French Licence Fees 

A new law exacts a licence fee of 32 francs from each driver of (1) 
petrol-driven or (2) steam-driven cars. This licence holds good inde- 
finitely and for all cars of the one type. Previously a licence would be 
obtained free or at a nominal cost of lfr. 50c. or 2frs., but a fresh 
one had to be obtained for each car one drove. The examination fees, 
agency fees, and tips are all covered by one payment. The tips, which 
at one time used to be a formidable item for the unpiloted tourist, are 
all done away with, the R.A.C. agent paying them all and taking his 
fee from the above amounts. 

The Customs deposit is paid to the Club in exchange for the Customs 
papers, the duty on cars entering France being, for cars weighing 500 
to 2500 kilos (or a maximum of 49 cwt. 22 lb.), <£2 0s. 8d. per cwt. * cars 
exceeding this weight pay £1 Os. 4d. per cwt., Germany £1 per cwt. 
or 12s. Cd. per cwt., according to whether the car is over or under 
19| cwt,, cars exceeding this weight pay 8s. per cwt., the greater the 
weight the lower the basis, and Austria £2 12s. per cwt. if the car does 
not exceed 36 cwt. For Italy £1 12s. per cwt,, a sum of £24 has to be 
deposited on a car over 19§ cwt. The car is weighed in running order, 
but luggage can be removed. 

The deposits are held by the R.A.C. and are refunded on the pro- 
duction of a set of forms* provided for each country which have to 
be stamped by the Customs both on entering and leaving the country. 

New Continental Touring Facilities 

The R.A.C. and Automobile Association are now authorized to issue 
the International Customs booklet, known as the “ Carnet,” which 
enables its holder to tour in. any of the following European countries 
Austria, Belgium, Denmark, France, Holland, Italy, Sweden and 
Switzerland. "'This document takes the place of separate triptyques for 
each country, and the holder has to pay a deposit of only one. duty, 
viz., that of the country which has the highest- duty amongst those for 
which it is available. The “Carnet,” however, does not apply to 
Germany. - ■ 

It is obvious that what has been sketched out as the course of 
action taken by the Royal Automobile Club on behalf of its members 
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must necessarily be the same for the Automobile Association and,, 
other organisations, on behalf of their members respectively,. The 
Automobile Association and Motor : Union has, besides making the 
most complete Customs- and examination arrangements, appointed a 
special representative, who is in attendance at Boulogne on the' arrival 
of every steamer. Wearing a miniature A. A. badge, he takes charge 
of the arrangements, and is at the disposal of members for any reason- 
able need that they may have of his services. . , 

The Rule of the Road in France is to keep to the right, the reverse 
of the English rule, and overtake vehicles on the left. 

The legal speed limits are 19 miles (30 Idioms.) per hour m open 
country, and 122 - miles per hour in passing through towns and villages 
Two front lights must be carried, one showing white and one showing 
green. A rear lamp must be carried on the left side of the number plate. 

Official Regulations for Touring Abroad 

Motorists who proceed to the Continent for a motor tour are now 
obliged to provide themselves with documents certifying the fitness of 
the vehicle and the competence of the driver. An Order in Council has 
been issued giving to the Local Government Board authority for carry- 
ing out the provision made by this country in accordance with the 
conditions and agreements in the International Convention. It. is, laid 
down that the Local Government Board may, under such conditions 
as they think fit, authorise one or more associations to perform 
the duties relating to the examination of the car and of the driver. 
So that, in so far as British motorists are concerned, the regula- 
tions create no difficulties, the various motoring organizations 


Reproduction of Official Form 


SECOND SCHEDULE. 
FORM, A. 


Number., 


1910. 


Motor Car (International Circulation) Orde 
CERTIFICATE OF FITNESS OF CAR. 

This is to . certify that t he motorcar described ' hereunder lias 
examined and found to be lit for use on the highway in 


been 
> reign Country. 


Name of Owner of 
Car (in full) „ 


Name of Manufacturer 


Owner’s home address . 

Index letter and regis- 
tered number of car_ 


Type of chassis or engine ... 

/ shape 


Description of car (e.g., 
motorcar, motor- 
cycle, etc.) 


Body of car- e °l° nr — 

| number 
\of seats 


Weight of car unladen _ 
(in kilogrammes). 



Signature. 
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being charged with the task of seeing that the regulations are com- 
plied with, hi v cry certificate of fitness or of competence and every 
international travelling pass, which is issued when the certificates 
have been obtained, will be; valid for a period of one year from the 
date of issue. The fees charged amount to one guinea, this being made 
up by three separate fees, of 7s. each, two for certificates and one for 
the pass. The. conditions which have to be fulfilled by motorcars to 
obtain the certificate of fitness are specified in a schedule appended to 
the Order, and are as follow: — (1) The machinery must be such as can 
be trusted to work efficiently and must be so designed as to prevent, as 
far as possible, all danger of fire or explosion, as not to frighten by 
its noise animals, whether ridden or driven, and as not to give rise to 
any other cause of danger to traffic or seriously to inconvenience by 
the emission of smoke or vapour any persons using the road. (2) The 
motorcar must be provided with the following : (a) A strong .steering 
apparatus, which will allow the car to be turned readily and with cer- 
tainty. (b) Two brakes, each independent of the other and adequate 
fords purpose. One at least of these brakes must be capable of acting 
rapidly and directly upon the wheels or upon brake-drums immovably 
fixed thereto. ^ tc) A mechanism which is capable of preventing, even 
on steep gradients, any backward movement, if one of the brakes is 
not of itself sufficient for the purpose. Every motorcar whose weight 
unladen exceeds 350 kilo. (7 cwt.) must be so constructed that the 
driver can, from his seat, reverse the movement of the car by means of 
the driving power. (3) All the driving and steering apparatus must 
be so arranged that the driver can manipulate it with certainty, and, 
at the same time, have a clear view of the road. (4) Every motorcar 
must be provided with plates showing the name of the manufacturer 
of the chassis and the manufacturer’s number, the horse-power of the 
engine, or the number- and bore of its cylinders, and also the weight of 
tho car unladen. In respect to the other regulations, it is necessary 
only to mention that no driving certificate can be issued to a person 
less* than 18 years of age, and that, in addition to its ordinary number 
plate, the car shall bo "provided with a distinctive plate indicating its 
nationality. This plate must be carried in a visible position on the 
back of the car, and must be of oval form, 11 J ins. in width and 7-4 ins. 
in height. The distinctive letters for Great Britain and Ireland are 
G.B.. and must be painted in black capital letters in Latin characters 
on a white ground. The letters must be at least 4 ins. in height, and 
the breadth of each line not less than § in. These regulations apply 
to touring in Germany, Belgium, France, Italy, and other countries. 

The Royal Automobile ■.'Club, Pall Mall, London, S.W., and the 
Automobile Association and Motor Union, Whitcomb Street, London, 
W., have been authorized to issue International Travelling passes. 
Arrangements have been made to examine cars at all important 
centres in the provinces, etc. 


Index Letters of Countries Within the International 


Convention 

Gt. Britain and Ireland— G.B. 
Germany — 13. 

France— F. 

Italy— I. 

Austria — A. 

Spain — E. 

Hungary — H. 

Russia— R. 

Belgium — -B. 

Greece — G.R. 


Sweden — -S. 

S w itzerlan d — G . H . 
Bulgaria— B.G. 
Holland— N.L. 
Portugal — P. 
Roumania — R.M. 
Monaco — M.C. 
Montenegro— M . 
Servia — S.B. 
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Taxes on Visitors’ Cars in France 

The taxes on cars taken into France by visitors staying longer than 
four months areas follow- Two-seaters, 60 francs ; more: than two seats, 
90 francs. In addition, a horse-power tax is also levied as follows: — 
12 h.p., 5 francs; 13-24 h.p., 7 francs; 25-36 h.p., 9 francs; 37-60 li.p., 
12 francs; more than 60 h.p., 15 francs, that is to say, per h.p. Thus 
a 12 h.p. car pays 60 francs tax, and so on. Licences in both cases 
(number of seats and h.p.) available 360 days. 

Exhaustive details of the motoring regulations of foreign countries 
are given in the foreign handbook issued by the Automobile Associa- 
tion and Motor Union, and also in the handbook of the Royal Auto- 
mobile Club. These are issued to members. 

Exemption of Foreign Visitors' Cars from Beirenu© 
Tax 

Regulations now provide for exemption from the payment- of Inland 
Revenue tax on cars brought into the United Kingdom for touring 
purposes by foreigners or visitors from the Colonies. The following is 
an extract from the official regulations : — 

“For the purpose of these regulations the date of registration clia.ll 
mean : — 

“ (a) in any case where an international travelling pass is pro- 
duced, the date of registration inserted in the pass by the 
officer of Customs and Excise at the port of landing and 
* { (b) in any other case, the date upon which the motorcar was 
registered by a council or a county or county borough as shown 
upon the copy of the entries in the register ; or if the car was 
brought into the United Kingdom in a year subsequent to the 
year in which the car was so registered, the date on which the 
car was brought into the United Kingdom in that year, as 
attested by endorsement upon the copy of the entries by the 
chief officer of Customs and Excise at the port of landing, and 
the chief officer of Customs and Excise shall, upon application 
at the time of the landing of the car, endorse and sign the 
said copy.” 

In effect this means that a foreign visitor, on being able to produce 
the necessary proof that the ear has been brought into the country 
for a short period only, can claim exemption from the tax from the 
Revenue collecting authority. 

Motor Supplies, Repairers, etc., Abroad 

Petrol is sold under various names in France everywhere. “ Essence ” 
and Moto- Naphtha are usual terms for it. A considerable amount of 
benzole is imported into France, but this fuel is practically all obtained 
under contract by the taxi-cab companies. It is very rarely 
that difficulty is experienced in obtaining petrol even in out-of- 
the-way villages, and should be bought in a sealed tin or “ bidon ** 
of 5 litres, which is rather more than 1 gallon. The price works out at 
an average of 2s. 6d. per gallon. Octroi duty has to be paid on the 
measured amount of petrol in the tank when entering certain towns and 
cities. Engine oil of the best grade costs on the average 3s. 6d. per 
gallon. In Germany good quality petrol is plentiful, and averages 
2s. per gallon. In Italy the price and quality are very variable, Is. 10cl. 
to 3s. 6d. per gallon being the usual range of charges" Tyres and other 
standard supplies are readily obtainable in the chief European countries, 
and garages and repairers are numerous. In France, Germany and 
Italy the average motor mechanic is usually found very competent and 
resourceful, and the repair plant in many of the larger shops and garages 
is unusually up-to-date and complete. 



CHAPTER XVII . 

The Motor Car, the Driver and the Law 

Under the Motor Car Act, whilst nobody may drive at a higher 
speed than twenty miles an hour, a motorist *is forbidden, under heavy 
penalties, from driving recklessly or negligently, or at a speed or in a 
manner which is dangerous to the public, having regard to all the cir- 
cumstances of the case. And not only will the nature, condition and 
use of the .highway and the amount of traffic actually on it at the time 
be taken into account, but all the traffic which might reasonably be 
expected to be on the highway. A constable may apprehend without 
warrant the driver who commits within his view any offence coming 
within this category if the driver refuses his name or address or does 
not produce his licence on demand, or if his car does not bear the 
identification mark. 

In order to render the law practicable, it is decreed that every motor 
vehicle shall be able, by means of marks, to be identified at ail hours 
of the day or night, and for this purpose it shall carry in conspicuous 
places two number plates and be registered with one of the registering 
authorities, whilst its driver shall hold a driving licence. 

Formalities : Registration 

This is the first formality to be gone through by a motorist on 
obtaining a car: 

Apply to any County Council or County Borough Council, addressing 

the letter to the Clerk of the County Council of , County Council 

Offices, (giving the chief town of the County) for an application 

form. Fill in the required particulars and return it with a remittance 
of twenty shillings. Registration can be made with any authority and 
not necessarily the authority for the County in which the owner resides. 

The registering authority will then allot an identifying mark, which 
will consist of the index letter or letters of the Council and a number, 
and will issue a copy of the register to the owner. 

A change of ownership must be reported to the Council wnth whom 
the car is registered, and a fee of 5s. must be paid for the registration 
of the change. 

If the car should be re-registered with another Council (there is, 
however, no real need for tins), or be destroyed or removed from the 
country/ the fact should be reported, so that, the registration may bo 
cancelled. Otherwise a car once registered is always registered, and 
there is only the one fee to be paid. A registration number once issued 
cannot be transferred to another car, even if the same type, unless it be 
first cancelled and re-issued for the other car. 

Any change in the appearance of the car should be reported. 

The Identification Marks.— The two plates required to be carried 
must be supplied by the owner, and they may be either approximately 
square or oblong, the letters and numbers being either on one or two 
lines. The letters and figures have to be 31.- inches high, gths thick- 
ness, and total space occupied by each letter or figure (except 1) must 
be 2| inches, and must be painted white on a black ground. The 
Council will inform the owner of the car of the provisions to be 
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complied with, and the number may be painted either on the car, if the 
available surface is flat, or on a detachable plate. Metal plates with 
letters cast on in aluminium and a black background may be used. 

The position of the plates on a car must be as follows : One must 
face forward and the other must face to the rear. 

At night time the rear plate of a motor vehicle must be properly- 
illuminated. Any vehicle placed in front of a motor vehicle must carry 
the front number plate, and any vehicle placed behind a motor vehicle 
must carry the rear number of the motor vehicle. 

The Local Government . Board ’ lias made special provision " for the 
identification of cars used by or in the service of makers and dealers. 
A rear light showing red, and an oil-side white light f orward are .com- 
pulsory. These must - be - shown between “ one hour after sunset and 
one hour before sunrise. 5 ’ Head lamps and near side lamp are optional, 
but the former, for safe driving at night, are indispensable. 


Chief dimensions for registration letters 
and numbers, The illustration depicts 
the “short” type of plate. Either this 
or the “ long ” plate, or one of each, may 
be used. In the “ long. ” plate the letters 
and figures are in one row, but a space 
of Vj ins. must he left between the letters 
and first figure. In the “ short ” plate 
the distance between the two rows muse 
, ■ be fin. 


Licensing 

Every driver of a motor vehicle must be licensed by the Council 
under whose jurisdiction he for the time being resides, but the regula- 
tions do not’ stipulate for re-licensing in the case of removal on the 
part of the licensee for that particular 12 months. An application form 
should be obtained from the County or County Borough Council, and 
should .be returned with a fee of five shillings, which, fee 'has to be 
paid annually for a renewal of the- licence. The licence remains in 
force for 12 months . from date .of issue. A' licence lest or , defaced may; 
be- renewed on payment of a fee of one shilling. The licence must 
be .shown to any constable in uniform on demand. Endorsement; of 
a. licence can be made for any offence against the, regulations, excepting' 
■a- first or second conviction for exceeding the speed limit. "For a' third 
or subsequent conviction endorsement can be made. The police have 
no power to request that the licence be handed to them. A licence 
should be renewed a few days before date of actual expiry. An appli- 
cant for a car-driving licence must not be under 1? years of age. 

-.Any - -Gonncil or Local Authority can issue a driving licence to .a 
visitor, to the United Kingdom though he may not have a residence 
within their County or Borough. ; 

Taxation. Ha gelations Made by the Treasury 

1. For the purposes of these regulations the horse-power of any 
motorcar deriving its motive power wholly from a steam, infernal- 
combustion, or .other -engine worked' by a cylinder or cylinders' 'Shall be 
taken to be: ; ■ - > 

(a) in the case of a. single-cylinder engine the horse-power attribut- 
able to the: .-'cylinder of the engine; 

(b) in the ease of an engine having two or more cylinders the sum 
of the horse-powers attributable to the separate cylinders. 
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! ^ ie horse-power attributable to any cylinder shall be deemed to 

: be proportional to the square of the internal diameter of such cylinder 

measured in inches, and shall be determined according to the number of 
square inches contained in such square, the unit being taken to be: 

( a ) the case a single-acting cylinder having a single piston, 
one horse-power for every 2^ square inches ; 

(b) in the case of a single-acting cylinder having two pistons, one 
horse-power for every If square inches; 

(c) in the case of a double-acting cylinder having a single piston, 
one horse-power for every 1^- square inches. 

3. Any motorcar deriving its motive power or any part of its motive 
power otherwise than from an engine worked by a cylinder or cylinders 
shall be deemed to be of a horse-power exceeding 12, but not exceeding 
15, provided that, where the motive power is derived in part from an 
engine worked by a cylinder or cylinders, the horse-power of the car 
shall not be deemed to be less than the horse-power attributable to the 
cylinder or cylinders of such engine. 

4. Where it appears that, in consequence of the exceptional design or 
construction of the engine of any motorcar, the horse-power as calcu- 
lated under the foregoing rules is substantially less than the power 
which the engine is actually capable of developing, the horse-power of 
the car shall for the purposes of these regulations be taken to be the 
same as that of a car of equal efficiency deriving its motive power from 
a cylinder engine of the ordinary type. 

5. In measuring cylinders and calculating horse-power, fractions of 
an inch and fractions of a unit of horse-power are to be taken into 

! account. 

These regulations cover petrol engines of the four-stroke cycle and 
two-stroke "cycle types, and steam engines of the single-acting ana 
double-acting types. 

j 

Guide to Gar Taxes 

SINGLE-CYLINDER, any bore not exceeding 4 in. 

(or 102 mm.) £2 2 0 

SINGLE-CYLINDER, bore exceeding 4 in. (or 
102 mm.) but not exceeding 5 7-I6ths in. (or 

'I 138" nun.)... ... ... £3 3 0 

J TWO CYLINDERS, bore not exceeding 2 13-16ths in. 

(72 mm.) 2 0 

TWO CYLINDERS, bore exceeding 2 13-16ths in. 

but not exceeding 3-| in. (98 mm.) £5 3 0 

TWO CYLINDERS, bore exceeding 3J in. but not 

exceeding 4 7-16tii in. (112 mm.) ... ... £4 4 0 

TWO CYLINDERS, bore exceeding 4 746th in, but 
1 not exceeding 54 in. (140 mm.) ... ... ... £6 6 0 

FOUR CYLINDERS, any bore not exceeding 

2 Il-16ih in. (or 68 mm.) ... ... £3 3 0 

FOUR CYLINDERS, bore exceeding 2 ll-16th in., 

not exceeding 3 5-32nd in. (80 mm.) £4 4 0 

FOUR CYLINDERS, bore exceeding 3 5 32nd in., 

not exceeding 4 in. (or 102 mm.) ... ... ... £6 6 0 

FOUR CYLINDERS, bore exceeding 4 in., not ex- 
ceeding 4 17-32nd in. (115 mm.) ... £8 8 0 

j FOUR CYLINDERS, bore exceeding 4 17-32nd in., 

j not exceeding 5 in. (127 mm.) ... ... ...£X0 10 0 

1 FOUR CYLINDERS, bore exceeding 5 m., not •ex-;. 

J ceeding 5^ in. (140 mm.) ... ... £21 0 0 
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SIX CYLINDERS, any bore not esceedkig 

2 946th in. (65 mm.) ... ... £4 4 (1 

SIX CYLINDERS, bore exceeding 2 946th in., not 

exceeding 3£ in. (83 mm.) £6 6 0 

SIX CYLINDERS, bore exceeding 3£ in., not ex- . * 

ceeding 3 1146th in. (94 mm.) ... £8 8 0 

SIX CYLINDERS, bore exceeding 3 1146th in., 

not exceeding 4 146th in. (103 mm.) £10 10 0 

SIX CYLINDERS, bore exceeding 4 146th in., not 

exceeding 5 in. (127 mm.) £21 0 0 

SIX CYLINDERS, bore exceeding 5 in., not ex- 
ceeding 5| in. (140 mm.) ...£42 0 0 

Medical men who use a car in the course of their professional duties 
pay half the usual taxes. They are also entitled to an allowance of 
l£d. per gallon remission of the petrol tax. Forms on which claims must 
be made are obtainable from local Revenue officials. Receipts for petrol 
purchased have to be produced. 

Medical men are allowed to use their cars for private as well as 
professional purposes without paying full tax. 

An Inland Revenue licence cannot be transferred in the 
event of an owner selling his car in the course of the year. The new 
owner must take out a separate licence. The holder of a current 
revenue licence, however, who has disposed of one car _ and got a 
new one is not required to take out another licence, providing the new 
car is of the. same class as the former one. Should it be rated at 
a higher revenue tax, however, the authorities will allow the amount 
of the tax already paid to count on the new tax. A car owner must 
pay 15s. male servant licence duty per annum for the driver of his 
ear. For a mechanic or engineer who occasionally drives no licence 
is required. The use of armorial bearings or heraldic devices on a car 
entails a tax of £2 2s. per year. 

A reduction of half licence duty is made on cars obtained between 
1st October and 31st December in each year. . 

Exemption from car taxes is only granted in cases where the car is 
specially made for and 'used solely for the conveyance, of goods. The 
owner’s name and trade address must be painted on the bodywork. 

No allowance is made in the existing taxation regulation for cars of 
old pattern. As the engines of these cars usually have a bore out of 
all proportion to the power the tax falls unusually heavy on such cars, 
Xt is probable that future legislation may to some extent make allow- 
ance in such cases. 

Speed Restrictions 

The Act gives authority to the Local Government Board to close 
any specified stretch of road to motor traffic entirely, or to restrict the 
speed of motors upon it, if it be shown by the local authority that 
for some reason it is particularly dangerous to motor traffic, or if motor 
traffic upon it would constitute a source of danger. A large number 
of such speed-limit areas are now in operation. In all such cases the 
local authority must erect and maintain notice boards at the beginning 
and end of each such length of road, and it has been decided that the 
following shall be the signals: — 

^ (1) For ten miles or lower limit of speed : A round white ring, 
eighteen inches in diameter, with plate below giving limit in figures. 

(2) For prohibition : Red solid disc, eighteen inches in diameter. 

(3) For caution, dangerous corners, cross-roads, or precipitous places : 
Hollow red equilateral triangle. 

(4) All other notices under the Act to be on diamond-shaped boards. 
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What has to be Done Before Using a Car 

(1) Have number-plates properly fitted. 

(2) The driver must have the driving licence in his possession. 

(3) Have paid the Inland Revenue tax, the regulation specifying 

within .21 days of .-becoming liable to the tax, -or not later than the 

end of January in each year.” An official form can be obtained at 
any money order office, and local council authorities, to whom the 
collection of the duty has been deputed. 

(4) Have a set of reliable lamps, and provide for illumination of rear 
number-plate. 

(5) Have a good horn or warning instrument to give audible warning. 

(6) If the car is hired, see that it has a number back and front 
duly registered. 

Motorists are cautioned against using temporary or improvised 
number-plates, such as chalked numbers on cardboard or paper. The 
police have instructions to prosecute in such cases. Proper plates of. 
japanned tin can be got for a few shillings from any motor or accessory 
dealer, or the more substantial cast plate may be used. Car drivers 
should take special care to see that their rear lamp is a good one, well 
trimmed, a nd not liable to jolt out. If the light goes out it may result 
in the driver being heavily fined. 

. Motorists must Respect the Sights of Road Users 

Due regard and consideration for the rights of other road users must 
always be exercised by the motorist. He must never pass traffic going 
in the same direction on the near side. Pass on the right, and in- 
variably give ample warning by sounding the horn. If the driver 
of a restive horse signals for the motorist to slow up, this request should 
invariably be acceded to. Otherwise, in the event of an accident, the 
motorist would be held in a court of law as guilty of contributory 
negligence. When travelling along winding roads and country lanes, 
the pace of the car should be kept well in hand, and the horn sounded 
continually. When driving on muddy roads, where there are a number 
of pedestrians about, it is only common courtesy to drive slowly, so 
as not to cause inconvenience from mud being splashed about by the 
wheels, etc. 

In case of accident in which he may be involved , a motorist 'must stop 
and render what help or give what information he can . 

When turning from the left side of the road to the right hand (or 
wrong side) a careful driver will slow down a good deal, and before 
turning look round to his right to warn any oncoming traffic, especially 
cyclists ; a driver should always signal by projecting the right arm for 
a moment as a warning. The use of an exhaust cut-out on public 
roads is now prohibited by law. 

The patrols of Road Guides and Scouts organized by the R.A.O. and 
A. A. are how at the services of motorists, and are able to supply useful 
information as to road conditions, or to render help and first-aid in 
• case of accident. All the main roads in the kingdom are patrolled, so 
that one need rarely be at a loss for information. 

Features of the Patent Act 

This short article deals with some of the more important matters of 
interest to those who contemplate applying for a patent, and the 
following five points are the most important ones. The Comptroller 
has absolute power to refuse an application for a patent unless 
the subject, matter is new. This means that not only must there 
be a difference between the alleged advantages of the invention of the 
new claimant and those of an existing one, but the new claimant must 
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also show ' that 'he has used specific inventive faculty in producing such ■ 
differences. 

•Cases under the International ' Convention may be tiled at - the Patent 
Office, from 'abroad; ' within. -twelve" months' of the date of filing in the 
original ' country as before. 'For' ' example . suppose ' that A/ 5 "who: 
■ ’ resides in Germany, lodged, a specification at the German Patent Office 
cm January 2nd, and. that “B,” an' Englishman, does not. lodge a speci- 
fication of the- English Patent Office until October 3rd. ••* B’s ‘ * 
apparatus has some slight resemblance to that covered by “ A’s ” appli- 
cation, .b'ut he does not know that “ A ” exists until 14 A ” comes to 
•lodge his. -German. • patent' , in/ - England ■ -on December • 31st, . when' 
“ B’s ■” application will ' be-' affected' , thereby on the ground of firm 
grant. ■ In the old rule, 44 A’s ” specification did not constitute 'antici- 
pation, because his patent had not been published in “ B*s ” country 
at the time the latter’s application was' accepted. 

The efficient marking of patented .articles, which are on sale, has 
been made more stringent. Formerly, it was not compulsory to mark 
• a patented article at all, and it; was .only done by the' -manufacturer as 
self-advertisement, and to save infringement ; but, now, this has been 
completely changed, and every article has to be marked, not. only 
with the patent number, but also with the date when the application of 
the patent was filed. In the event of two parties going to law on ac- 
count of alleged infringement, if the plaintiff’s goods are not marked 
according to the requirements of law, even if he win his case, he will be 
unable to recover damages. Section 27 is an important one. It states 
that : “ At any time not less than four years after the date of a patent, 
and not less than one year after the passing of this Act, any person 
may apply to the Comptroller for the revocation of the patent on tho 
ground that the patented article or process is manufactured or carried 
on exclusively or mainly outside the United Kingdom.” The Comp- 
troller has it in his power to revoke the patent forthwith, or ‘‘after 
such reasonable interval as may be specified in the order, unless in the 
meantime it is shown to his satisfaction that the patented. .article or 
process is manufactured or carried on within the United Kingdom to 
an adequate extent.* * 

Additions to a Patent 

It will be noticed that “ interested persons ” or some such similar 
words are not used in this section, but that the Act distinctly states 
that “. any person •’ may apply for the revocation of an existing patent, 
and it is within the powers vested in the Comptroller, who has prac- 
tically the law in liis own hands, to do as he thinks fit. It is extremely 
unlikely that any but an interested person would apply. . Section 19 
embodies a regulation which is of advantage to the inventor, inasmuch' 
,as it allows new and desirable additions to be made to an existing 
; patent . without any . additional ; taxes. ’ . - Such .a modificati on . is ,- termed a ; 

patent of addition”’ and it falls void when the original patent expires.' ; 
In ..sub-section 4, of the same section, it reads The grant., of a patent 
of addition shall be conclusive evidence that "the invention is proper 
subject matter for a patent of addition, and the validity of the patent 
shall not be questioned on the ground that the invention ought to have 
been the subject of an independent patent, 5 ’ 

The Act also contains a section "(No; 20) relating to the ' restoration of ; 
lapsed patents from any of various causes." This rule . . .is of .- ''advantage.- ; 
to inventors, because patents which have lapsed “ owing to the failure 
of the patentee to pay the required fee within the prescribed time,” can 
be revived upon an application to the Comptroller. The application 
must state reasons why the taxes have not been regularly discharged, 
and it must also show that the failure to pay the taxes was 
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unintentional; further., it must prove that no “undue delay lias 
occurred in the making; of the ^application. ” Any such application will 
be announced to enable opposition to the restoration to be made, 

A “ provisional specification may be filed and protection of an 
idea obtained by an inventor at a cost of ,£1 for the Government stamp, 
Iliis protection lasts for a period of six months (instead of nine months 
as formerly), during which time the inventor can proceed to develop 
the patent or negotiate for it being taken up. At the end of the six 
months an inventor has to file his full specification and-. drawings, for 
which the Patent Office charge a fee of £3, with £1 as sealing fee on 
allowance oi patent in respect of the additional work now performed 
for searching the records for fifty years back. In view .of the com- 
plexities and technicalities involved" in the drafting of / specifications 
and preparation of drawings for obtaining patents, the -help of a patent 
agent specializing in the subject matter of the patent is advisable. 

Regulations as to Petrol Storage 

.Regulations made by the Secretary of State under Section 5 of the 
Locomotives on Highways Act as to the Keeping and Use of Petroleum 
for the purposes of light locomotives. 

1. The following shall be exempt from licence under the Petroleum 
Act. 1871, namely : — 

(a) Petroleum spirit which is kept for the purpose of, or is being 
used on, light locomotives when kept or used in conformity with 
these regulations. 

( b ) Petroleum spirit which is kept for the purpose of, or is being 
used on, light locomotives by, or by authority of, one q* His Majesty’s 
principal Secretaries of State, the Admiralty, or other department of 
the Government. 

2. These regulations shall apply to petroleum spirit which is kept for 
the purpose of, or is being used on, light locomotives, and for which 
(save as hereinafter provided) no licence has been granted by the local 
authority under the Petroleum Act, 1871, and shall not apply to petro- 
leum spirit which is kept for sale or partly for sale, and partly for use 
on light locomotives, and which must be kept in accordance with the 
provisions of the Petroleum Acts as heretofore, except that Regulations 
13 and 14 shall apply to petroleum spirit which is kept partly for sale 
and partly for use on light locomotives. These regulations shall not 
apply to the keeping or use of petroleum spirit by or under the centre 
of. any Government department. Such keeping or use may he the sub 
ject of regulations to be made by the department concerned. 

3. Where for any special reason a person keeping petroleum spirit for 

the purpose • of light locomotives applies for a licence under the Petro- 
leum Act, 1871, and the local authority see fit to grant such licence, 
such petroleum spirit shall be subject only to Regulations 8 to 15 and 
the conditions of such licence, in so far as the said conditions are not 
contrary to the said Regulations 8 to 15. .... . 

4. Where a storehouse forms parts of, or is attached to, another build- 

ing. and where the intervening floor or -partition- Ms -of an unsubstantial 
or highly inflammable character, or has an opening* therein, the whole 
of such building, shall he deemed to he the storehouse, and no portion of 
such storehouse shall he used as a dwelling or as & place - where persons 
assemble. A storehouse shall have a separate entrance from the open 
air distinct from that of any dwelling or budding in which persons 
assemble, # ^ 

5. The amount of petroleum spirit to be kept m any one storehouse, 
whether or not upon light locomotives, shall not exceed 60 gallons at 
any one time. 
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6. Where two or more storehouses are in the same occupation and are- 
situated within 20 feet of one another;, they shall for the purposes of 
these regulations be deemed to be one and the same storehouse, and the 
maximum amount of petroleum spirit prescribed in the foregoing regu- 
lation shall be the maximum to be kept in all such storehouses taken; 
together. Where two or more storehouses in the same occupation are 
distant more than 20 feet from one another, the maximum amount shall 
apply to each storehouse. 

7. Any person who keeps petroleum spirit in a storehouse which is 
situated within 20 feet of any other building, whether or not in his occu- 
pation, or of any timber stack or other inflammable goods not owned by 
him, shall give notice to the local authority under the Petroleum Acts 
for the district in which he is keeping such" petroleum spirit, that lie is 
so keeping petroleum spirit, and. shall renew such notice in the month 
of January in each year during the continuance of such keeping, and 
shall permit any duly authorised officer of the local authority to inspect 
such petroleum spirit at any reasonable time. This regulation shall not 
apply to petroleum spirit kept in a tank forming part of a light loco- 
motive. 

8. Every storehouse shall be thoroughly ventilated. 

9. Petroleum spirit shall not be kept, used or conveyed except in 
metal vessels so substantially constructed as not to be liable, except 
under circumstances of gross negligence or extraordinary accident, to be 
broken or become defective or insecure. Every such vessel shall be so 
constructed and maintained that no leakage, whether of liquid or 
vapour, can take place therefrom. 

10. Every such vessel, not forming part of a light locomotive, when 
used for conveying or keeping petroleum spirit, shall bear the words 
“ petroleum spirit highly inflammable ” conspicuously and indelibly 
stamped or marked thereon, or on a metallic or enamelled label attached 
thereto, and shall be of a capacity not exceeding two gallons. 

Provided that this limitation of capacity shall not apply in any place 
of storage which is licensed under the Petroleum Act, 1871, unless such 
limitation is required by the conditions of the licence. 

11. Before repairs are done to any such vessel, that vessel shall, as 
far as practicable, be cleaned by the removal of all petroleum spirit and 
of all dangerous vapours derived from the same. 

12. The filling or replenishing of a vessel with petroleum spirit shall 
not be carried on, nor shall the contents of any such vessel be exposed 
in the presence of fire or artificial light, except a light of such construc- 
tion, position, or character, as not to be liable to ignite any inflammable 
vapour arising from such spirit, and no fire or artificial light capable of 
igniting inflammable vapour shall be brought within dangerous prox- 
imity of the place where any vessel containing petroleum spirit is being 
kept. 

13. In the case of all petroleum spirit kept or conveyed for the pur- 
pose of, or in connection with, any light locomotive, (a) all due precau- 
tions shall be taken for the prevention of accidents by fire or explosion, 
and for the prevention of unauthorised persons having access to any 
petroleum spirit kept or conveyed, and to the vessels containing or in- 
tended to contain, or having actually contained, the same ,* and (b) every 
person managing or employed on, or in connection with, any light loco- 
motive shall abstain from every act whatever which tends to cause fire 
or explosion, and which is not reasonably necessary, and shall prevent 
any other person from committing such act. 

14. In. the .storehouse or in any place where a light locomotive is, kept, 
or is present, petroleum spirit shall not be used for the purpose of 
cleaning or lighting, or as a solvent or for any purpose other than as 
fuel for the engine of a light locomotive. 
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Provided that where due precaution is taken to prevent petroleum 
spirit from escaping into a sewer or drain and provision made for dis- 
posing safely of any surplus petroleum spirit ana where no fire or naked 
light is present, quantities not exceeding one gill may be used for clean- 
ing of a light locomotive at a safe distance from any building, place of 
storage of inflammable goods, or much frequented highways, or for the 
repair of tyres, under suitable precautions. 

This regulation shall apply to premises on which petroleum spirit is 
kept for the purpose of, or is being used on, light locomotives, whether 
such premises are licensed or not, unless the local authority see fit, in 
the case of licensed premises, to grant an exemption by a special term 
of the licence. 

15. Petroleum shall not be allowed to escape into any inlet or drain 
communicating with a sewer. 

These regulations apply to benzole, although technically it is not 
u petroleum ” spirit. The same risks are attendant on its use and 
general ma n i p ulatio n . 


Licence to Sell Petrol or Other Fuel 

A licence is necessary to sell inflammable-' spirit- used for motorcar 
propulsion. This is obtainable from the local authority under the 
Petrol Act. Application should be made at the local Town Hall, 
District Council Offices, or Head Police Office for the district, from 
whom further information can be obtained. 
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Birmingham 
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Essex......... — 

Flintshire 

Glamorganshire... 

Gloucestershire 

Herefordshire — ..... 

Hertfordshire 

Huntingdonshire ......... 

Kent :. 

Lancashire 

Leicestershire ...... 

Lincolnshire, Parts of 

Holland........... 

Lincolnshire, Parts of 
Kesteven ...... — . .. ... 

Lincolnshire, Parts of 
Lindsey.. ....—. 
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English-French Motor Dictionary 


English. , French . 

Automobile (small) V oiturette 
Accelerator . . Accelerateur 
Accumulator . . Accumulated^) 
Adjusting screw • . . La Vis de reglage 
Admission pipe . . Tuyau d’entree 
Air passage, hot . .Tuyau pour Ten- 
tree de Fair 
chaud 

Air pump . . . . Pompe d’air 

Air tube , . . . Chambre d’air 

Air valve . . . . Soupape d’air 

Alcohol . . . . Alcooi 

Ascent .. .. ... -Mont6e 

Automatic indue- Soupape d’ad- 
tion valve . . mission auto- 
matique 

Axle Essieu 

Anti-slipping De- 
vice (non-skid) Antiderapant 


Back-fire 

Back wheel . . 
Ball bearings 

Band brake, , 


Explosion pr£- 
maturee 
Roue d’arri&re 
C ou ssinets a 
billes 

Frein a baode 


Barrel or pump . , Corps de pompe 
Ball joint .. Joint Spherique 
Batteries (primary) Pile primaire 


Pile seehe 
. Coussinet palier 
. CoussinetsA rou- 
leaux 

. Grelot, Timbre 
avertisseur 
. Courroie 
. Agrafe pour 
courroie 

Essence depetrole 
. Roue conique 
. Chame a, galets 
. Chaudi&re 
Boulon hexa- 
gonal 

Bolt (round head) Boulon a tete 
ronde 


Battery, dry. . 
Bearing.. 
Bearings, roller 

Bell, alarm . . 

Belt . v. . • . 
Belt fastener 

Benzine , . . 

Bevel wheel 
Block chain . , . 

Boiler 

Bolt (hexagonal) . 


Bolfcscrew . . 
Bonnet . . . . 

Bore of the 

cylinder 
Box spanner.' 


. Boulon a vis 
. Capot 

Alesageducylin- 

dre 

Clef a douille 


Brake Frein 

Brake band . . . . Ruban du frein 

Brake drum , . . . Frein a tambour 

Brake lever . . . , Levier du frein 


English, 
Brake lock , 
■Brake rod 
Brazing 
Brass 
Burner 
Breakdown 
Bridge . . 
Bush . . 
Cam, exhaust 

Cam, gear . . 


Cardan joint 
Centrifugal pump 

Chain . . 

Chain wheel 
Change of speed 

Change speed 

lever 

Circulating pipe. . 


Clutch 

Clutch friction 
cone . . 
Clutch, leather . . 
Clutch spring . . 


French, 

Frettede friction 

Tige de frein 

Erasure 

Cuivre jaune 

Bruleur 

Panne 

Pont 

Coussinet 
Came d’echap- 
pement 

Distribution a 
came 
Cardan 

Pompe centri- 
fuge 
Chains 

Roue de chafne 
Changement de 
vitesse 
Levier de 
changement 
de vitesse 
Tuyau de circu- 
lation 

Embrayage 


Cone de friction 
Cuir 

Lessor t d’ em- 

brayage 

Cogs and teeth . . Dents en bois et 
en fer 

Coil Bobine 

Coil, induction . . Bobine deduc- 
tion 
Collier 
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Collar . . , . . . 

Combustion 

chamber 

Components 

Compression cam 
lever 

Compression tap 

Connecting bolt 
(hollow axle) 

Connecting pipe 

Connecting rod. . 

Connection.. 

Contact breaker 

Contact (com- 
mutator lor 
breaking) 


Culasse 

Pieces ddfcachdes 
Billette de com- 
mand© 

Robin et de com- 
pression 
Axe creux de 
piece d’ as- 

semblage 
Tuyau de jonc- 
[tion 

Bieile 
Embray age 
Interrupted 


Disjoncteur 
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English , ■ French. 

Contact screw, Vis de contact 

platinum tipped platinSe 
Control . . .. Controle 

Cooling, air . . Refrpidissement 
par air . 

Cooling by water Refroidissement 
‘ par eau 

Copper .. . . Cuivre rouge 

Cord .. .. .. Corde 

Cotter.. „ . Clavette de 
manivelle de- 
tachable, coin 

Counter balance Equilibrier 
Countershaft .. Contre-arbre 
Coupling .. .. Accouplement 

Coupling pin Vis et ecrou 
and nut pour jonction 
(Tune chaine 

Crank . . . . , . Manivelle 

Crank axle . . . . Arbre des raani- 

velles 

Crank case bush. . Bague du carter 
Crank chamber.. Carter 
Crank pin .. .. Courillon de 

manivelle 

Crank shaft , . Arbre a mani- 
Crank shaft [velle 

feather (or key) Clavette 
Current (charging) Courant de 
charge 

Cylinder . . . . Cylindre 

Cylinder head . . Culasse 
Custom House . . Douane 
Dangerous hill . . Descente dan- 
gereuse 

Differential . . , . Differentiel 

Distance recorder Odometre 
Double- thread . . Double filet 
Driving axle . . Essieu moteur 
Driving chain . . Chaine de trans- 
mission 

Driving pulley . . Poulie jante 
Driving shaft . . Arbre primaire 

Drum Tambour 

Dust Poussiere 

Efficiency . . . . Rendement 

Elastic . . . . Elastique 

Electric lamp . . Lampedlectrique 
Electric motor .. Moteur elec- 
trique 

Emery .. .. Emeri 

Enamel . . . . Email 

Exhaust . . . . Echappemem 

Exhaust cam . . Pig non came 
Exhaust cam axle Axe du pignon 
came 

Exhaust elbow Pipe de refoule- 
connection ment 


English. French ; 

Exhaust, port .. Lumiere d’ 
echappemeni 
de la vapeur 

Exhaust valve .. Soupaped’echap- 
pement 

Exhaust valve Ressort du cla- 
spring pet d'echap- 
pement 

Fan Ventilateur 

Feed pipe . . . . Tube alimentaire 

Feedpump .. . . Pompe d'ali 

mentation 

Felt Feutre 

Fibre, vulcanised Fibre vulcanises 

File Lime 

Flange .... . . Bride 

Flexible coupling Accou plement 
flexible 

Float Flotteur 

Fly-wheel .. .. Volant 

Foot-brake.. .. Frein a pfidale 
Fork .. .. . . Fourche 

Frame Chassis 

Freezing . . . . Gelant 

Friction . . . . Frottement 

Front axle .. .. Essieu d’avant 

Front wheel . . Roue d’avant 

Frost Gelee 

Gauge Indicateur 

Gear Engrenage 

Gear, bevel.. .. Engrenage a bi* 
seau, Engres- 
nage conique 
Gear box . . . . Roite de vitesse 

Gear, change Changement de 
speed vitesse 

Gloves Gants 

Goggles . . .. Lunettes 

Governor . . . . Regulateur 

Governor, shaft. . Arbre du r€gula- 
Gradient .. .. Pente [teur 

Grind, to .. . . Aiguiser 

Grooved pulley . . Poulie a gorge 
Gudgeon .. .. Goujon 

Gudgeon pin .. Goujon 

Guide rod . . . . Tige de direction 

Handle . . . . Manet te 

Headlight .. .. Phare 

High-tension Courant de haute 
current tension 

Hill climbing .. Gravir des 
rampes 

Honeycomb Radiateur a nid 
radiator d’abeille 

Horse-power(H.p.) Cheval-vapeur 
Hot .. .. .. Chaude 

Ignition, advance L’allumage 
avance a 
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. English, French . 

Ignition, electric, All urn age par 
by magneto. magneto 

Ignition lever . . Manette d’allu- 
mage 

Ignition, retard.,. L’allumage re- 
tard a 

India-rubber Caoutchouc 

Inlet valve Soupape d’ali* 

mechanically mentation' 

operated 

Inner tube (tyre). . Chambre a air 
Key ... Clef, clavette, 

calle 

Knuckle joint .. Joint de coussi- 
' ' net, en char- 

niere 

Lamp bracket . . Porte lanterne 
Leather washer Rondelle de cuir 
Left-handed Vis filetee a gau- 

screw cbe 

Lever*. *. . . Levier ; manette 

Licence . . . , Permit 

Lifting jack ... Chevre : eric 

Lock-nut Centre 4crou 

Lubrication . . Huilage 
Lubricator . . Graisseur 
Mixture, explosive Melange explosif 
Motor, four-cycle Moteur a quatre 
temps 

Motor, two-cycle Moteur a deux 

temps 

Mudguard ... ... Garde-bone 

Needle valve . . Tige de control 
d’ essence 

Neutral . , , . Neutre 

Non-skid (tyre) . . Anti-derapant 
Notched quadrant Secteurdente 
Oil ... Hiiile 

Out of gear D6braye 

Outer cover (tyre) Enveloppe 
Paraffin «. Huile de p4trole 

Petrol*. ... Essence de 

pet role 

Petrol tank.* *, Reservoir a Fes- 
sence 

Pin, split .. Goupille fendue 
Piston.. ... «, Piston 

Piston ring*. Segment du 

Piston stroke *. Course du piston 
Platinum . . . . Platine 

Pliers : Pince 

Plug, sparking . , Bougie 
Puncture , Crevaison de 

pneumatic 

Railway .. . . Chemin de fer 

Rim (wheel) . . Jante 
Ratchet . . . . Clique! 

Rear entrance ». Entrde d’arriere 


English. French, 


Repairing outfit . . Trousse a repar- 
ation 

Retard (to slow Ralen.tir 

up) 

Reverse ' .. .. Marche arriere 

Reversing gear . . Changement de 
inarche 

Revolution . . . . Tour 

Rivet Rivet 

Roller . . ... . . Rouleau 


Steel . . . . . . Acier 

Screw-driver . . Tournevis 

Sheet iron .. .. Tole 

Silencer ... Silencieux 

Skid, to . . . . Deraper, 

Soap . , . . . . Savon 

Spanner .. ... Clef 

Spare part . . . . Piece de reserve 

Spark Etincelle 

Spindle .. ... Fuseau 

Spoke ... ... Rayon 

Sprag Bequille 

Shaft . . . . . . Arbre 

Spring . . . . Ressort 


Sprocket wheel . . Roue a chaine 
Starting handle. . Man i veil e de 
m i s e e n 
marche 

Steering gear . . Direction 
Steering wheel . . Roue directrice 
Suction . . . . Aspiration 

Solder Soudure 

Square . . . . Carre 

Teeth of wheels. . Dents de roues 
Throttle .. .. Manivellel es- 

trange! men t 

Tool box . . . . Boite d’outjls 

Train, goods . . Petite vitesse 
Train, passenger Grande vitesse 

Tank Reservoir 

Tap Robinet 

Tyre ( Rubber) . . Caoutchouc 
bandage 

Tyre lever . . . . D«S monte pneu 

Turn (road) . . Vi rage 
Valve Soupape 


Washer .. . . Rondelle 

Water circulation Circulation d’eau 

Waterproof . . Impermeable 

Water tank . . Reservoir d’eau 

Water jacket .. Chemise d’eau 

Wheel Roue 

Wire gauze.. .. Toile m<§tal!ique 

Wire rope . . . . Cable ; corde de 

Wood Bois [fer 

Works . . . . Usine 

Workshop ... .. Atelier 

Worm wheel . . Rue helice 

Wrench (spanner) Clef 



Totals 
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1 ’or true economy 


simplicity, accessibility, freedom from breakdowns, 
and exceptionally light running costs, the N.S.U. highly 
commends itself both to the novice and to the experienced 
motorist. It is designed to give efficient service, whether 
used for business or pleasure. Its appearance, comfort, 
and style will please the most fastidious. Moreover, the 
N.S.U. is sold at an extremely moderate figure. 

If you appreciate true 
economy you will c on- 
si der one of the N.S.U. * 
models for this year. 


CHASSIS PRICES 
12 h>p. 4-cylinder ... 

14 h.p. 4-cylinder ... ... 

15 h.p. 4-cylinder .. ... .. 

20 h.p. 4-cylinder ... ... ... 

24 h.p- 4-cylinder .. 


£240 

£290 

£372 

£422 

£480 


V Mi 


14 h.p. TOURING CAR, 


WRITE FOR 
PARTICULARS. 


RAWLINGS BROS., LIMITED, 

THE GLO’STER MOTOR HOUSE, 

8.7a, Cromwell Road,. South Kensington, London, S.W., 
and Pembroke Works, Bat&iii St., Hyde Park Comer, S.W, 



A Companion Volume to 
THE MOTOR MANUAL 


A NEW AUTHORITATIVE 
WORK ON DRIVING. 


Not a collection of platitudes familiar 
to every motorist— but an original 
work on driving from the expert’s 
point of view, whose advice to motor- 
ists of all classes will be found to be 
invaluable. 


77? e Trey to , f he 
suhleties of motoring. 
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